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Editorial 

The Manner of Expressing Serum Protein 

Values 


N ot infrequently in medicine the early 
manner of expressing the value or 
result of a test becomes established 
by custom and persists long after it has out- 
lived its usefulness, no longer reflects the 
true meaning of the determination or is 
actually misleading. A classic example is the 
content or concentration of hemoglobin in 
the blood which still continues in many 
instances to be expressed in percentages of a 
theoretic and misleading normal rather 
than in terms of the actual amount per unit 
of blood even though often determined on 
that basis. 

Another and more recent example is that 
of serum or plasma proteins. Analysis of 
serum or plasma for protein usually includes 
a determination of the total protein and the 
albumin fraction, the globulin fraction being 
determined by difference between total 
protein and albumin. Occasionally, the 
fibrinogen is determined also. Values arc 
expressed as Grn. of total protein per 100 cc. 
of scrum or plasma, Gm. of albumin and 
Gm. of globulin. Commonly, another value 
is expressed, namely, the ratio of albumin 
to globulin or the A/G ratio. Unfortu- 
nately, too often the total protein value and 
the A/G ratio alone are given, with the 
expression A/G ratio “normal” or A/G 
ratio “reversed,” without the actual value 
for the albumin and globulin. This is 
particularly apt to occur in the publication 
of the results of clinical research, in case 


reports and in the presentation of patients 
and case records at ward rounds, clinical 
pathologic conferences and other teaching 
exercises. In addition to the simple error of 
omission committed by this procedure, it 
indicates on the part of the user a lack of 
proper appreciation of the true value and 
meaning of this determination or test. 

As is well known, the albumin portion of 
the serum or plasma protein normally con- 
stitutes about three-quarters of the total, so 
that the ratio of albumin to globulin is in 
the neighborhood of 2:1 or 3:1. In the 
earlier days of determination of the plasma 
or serum proteins the increase in globulin 
to amounts equal to that of the albumin or 
even greater was observed and constituted 
an obvious abnormality which attracted 
considerable attention. From this, then, 
arose the interest in the ratio between the 
two fractions, and the custom of expressing 
the results of the determination in terms 
of the “ratio” rather than the actual 
amounts of albumin and globulin. 

Such emphasis on the ratio of albumin - 
to globulin is incorrect and improper be- 
cause it leads to neglect of the actual values 
for albumin and. globulin, both in thought 
and expression. While alterations in the 
ratio are significant, the actual concentra- 
tions of albumin and globulin are much 
more important. They have not only more 
meaning but a different meaning. The 
reason for this is clear. The amount of 
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albumin can vary up or down independ- 
ently of the globulin as the result of any one 
of a number of abnormal conditions. The 
same is true of globulin in relation to 
albumin. The total protein is a resultant of 
the sum of the albumin and globulin. It, 
therefore, varies up or down or may even 
fail to change, despite the presence of 
abnormalities affecting the amounts of 
albumin, globulin or both, depending on 
the magnitude and direction of such change. 
A reversal of the albumin /globulin ratio 
with an albumin of 4.5 Gm. and a globulin 
of 6.0 Gm., as may occur in lymphopathia • 
venereum, has a meaning much different 
from a reversal of the ratio with an albumin 
of 1.5 Gm. and globulin of 3.0 Gm. such as 
may be found in nephrosis. In the former 
instance the albumin is normal but the 
globulin considerably increased. In the 
second instance the albumin is greatly 
reduced but the globulin is normal. In 
both instances the albumin/globulin ratio 
is reversed, but the significance and mean- 
ing of the reversal are entirely different. 

The examples cited are rather gross, 
there are other situations in which the 
variations and their meanings are much 
more subtle. There is, for instance, the 
slightly elevated globulin in some cases of 
nutritional hypoproteinemia which may 
mask a slight but significant hypo-albumin-, 
emia if attention is paid only to totals and 
ratios. There is the effect of infection on the 
globulin which causes the same error. The 
hypo-albuminemia of mild liver disease 
may be missed unless the amounts of the 


two fractions are known, and decreases in 
albumin may in turn hide from view a 
significant increase in the globulin. 

It can be seen clearly, then, that from 
this point of view the most important 
clinical aspect of the serum proteins is the 
amount or concentration of the two frac- 
tions, and that the ratio of albumin to 
globulin, while interesting, is of much less 
importance and may be actually misleading 
unless one knows or is told the amounts of 
the two protein fractions. In particular, this 
is true of the globulin. It, more than albu- 
min, is subject to deviations in both direc- 
tions from the normal. Changes in it, 
especially excesses, may provide an impor- 
tant clue to some of the more unusual and 
uncommon diseases, otherwise less likely 
to be suspected. Increases in the globulin 
fraction occurring with decreases in the 
albumin not infrequently mask the latter, 
without affecting the total protein. 

In conclusion, it should be emphasized 
that while the improper recording or pre- 
sentation of the results of serum protein 
determinations, with emphasis on the albu- 
min/globulin ratio, has immediate, practical 
disadvantages, its most serious effect is on 
the habit of mind, in relation to the diagnos- 
tic use of this test. The writer has repeatedly 
observed failure to recognize or consider 
diagnostic possibilities based on serum pro- 
tein determinations because attention was 
paid to the albumin/globulin ratio only and 
not to the amounts of individual fractions. 

John B. Youmans, m.d. 
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Clinical Studies 


The Syndrome of Pulmonary Stenosis with 
Patent Foramen Ovale* 


Arthur Selzer, m.d., William H. Carnes, m.d., Charles A. Noble, Jr., m.d., William 
H. Higgins, Jr., m.d. and Robert O. Holmes, m.d. 

San Francisco, California 


T he demonstration by Blalock and 
Taussig 1 that persistent cyanosis in 
certain types of congenital cardiac 
disease can be reduced dramatically by a 
surgical operation has brought into focus 
the great practical importance of correct 
clinical diagnosis of congenital cardiovascu- 
lar malformations. The great interest in 
congenital heart disease which has de- 
veloped in the last decade has therefore 
shifted recently from the non-cyanotic to 
the cyanotic group. 

A considerable number of malformations 
of the cardiovascular system are associated 
with cyanosis. Many of these arc not com- 
patible with life for more than a few days 
or months. A small number of the patients 
survive until childhood and only very few 
reach adult life. Maude Abbott 2 stated 
that nine-tenths of the cases of morbus 
ceruleus in adults were cases of the tetralogy 
of Fallot. In the last few years the variation 
of the tetralogy of Fallot described by Eiscn- 
menger 3 has aroused interest and has been 
accepted as a clinically recognizable 
entity. In 1945 Currens, Kinney and White 4 
reported eleven cases of still another cy- 
anotic congenital cardiac lesion, namely, 
pulmonary stenosis with intact interventric- 
ular septum and. summarized the clinical 
findings but no consistent diagnostic criteria 
were established. 

Recently we have had the opportunity to 
observe two cases of pulmonary stenosis with 


intact interventricular septum and patency 
of the foramen ovale in adults. The striking 
similarity of these cases and the fact that 
neither of them was diagnosed correctly 
during life prompted us to review similar 
cases reported in the literature. The find- 
ings in all the available autopsied cases 
have been summarized and contrasted with 
the clinical and pathologic features of 
similar congenital cardiac lesions. 

case reports 

Case i. W. H. J., a thirty-nine year old 
white male, entered Stanford University Hos- 
pitals on April 24, 1946, because of increasing 
dyspnea. His past history revealed that there 
was some question as to whether or not he was 
a “blue baby” but his early development was 
normal. At the age of seven he became some- 
what dyspneic upon exertion but played 
normally. At the age of twelve he was forced 
to drop out of games. In high school he at- 
tempted to play football but was unable to do so 
because of dyspnea. 

He never noticed cyanosis until the age of 
eighteen when he developed slight cyanosis 
while swimming. During the third decade of 
life cyanosis was very mild, mostly noticeable 
upon exertion and he led a relatively normal 
life working as a tool grinder. At thirty-one 
there was slight intensification of cyanosis; at 
thirty-four cyanosis became moderately severe 
and his activities were markedly curtailed be- 
cause of dyspnea. This state of affairs was 
gradually intensified in severity until he was 


* From the Departments of Medicine and Pathology, Stanford University School of Medicine, the Divisions of 
Medicine and Pathology, University of California Medical School and the San Francisco Hospital (Department of 
Public Health, City and County of San Francisco). 
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Fig. 1 . Roentgenograms and electrocardiogram in Case I. a, postero-antcrior view showing slight cardiac enlarge- 
ment, dilatation of the pulmonary artery and marked dilatation ol the left branch, b. left anterior oblique view 
showing elevation of the apex and a notch indicating the interventricular groove (arrow), c, four-lead electro- 
cardiogram showing prominent P-waves and a pattern of right bundle-branch block. 


completely incapacitated and cyanosis became 
extreme. 

Two years before death he developed attacks 
of vertigo, with nausea, vomiting and oc- 
casional hematemesis. He had few questionable 
convulsions during the last year. About six 
weeks before death he was bronchoscoped be- 
cause of marked enlargement of the left hilar 
shadow in the chest roentgenogram, suspected 
as representing a possible tumor, and was found 
to have partial constriction of the left main 
bronchus from outside pressure. 

Examination upon entry to the hospital re- 
vealed an extremely cyanotic man with marked 
clubbing of the fingers and toes. Other pertinent 
findings included slight cardiac enlargement 
with a moderately loud systolic murmur at the 
apical region, somewhat softer at the left 
sternal border, and faint at the base of the heart. 


The heart sounds were not remarkable, but 
both were rather loud and snapping at the 
base of the heart in a sitting position. 

Laboratory findings were as follows: vital 
capacity, varied between 3.5 and 4 L.; venous 
pressure, 9 cm. of water, circulation time (arm 
to tongue) 12 seconds. Blood count: hemo- 
globin, 189 per cent, red blood cells, 9.4 mil- 
lion, leukocytes, 9,500 with a normal distribu- 
tion. Urinalysis revealed slight albuminuria, 
pH 5.5, specific gravity 1.007 and occasional 
leukocytes and rare erythrocytes in the sediment. 

Electrocardiogram showed right axis devia- 
tion with QRS complexes widened to 0.11 
seconds and notched in all leads. T waves were 
inverted in leads hi and iv F . There was a tall 
and prominent P». (Fig. lc.) Chest roentgeno- 
gram revealed a normal-sized heart with a 
somewhat elevated apex of the heart and a 
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Fig. 2. Drawing of the heart and great vessels in Case 1. a, anterior view of the heart and lungs showing position of 
the heart and the dilated pulmonary artery, n. section of the heart showing the thickness of the two ventricles and 
the dilated pulmonary artery. Inset upper right hand corner, pulmonary valve seen from above. 


marked enlargement of the pulmonary artery 
and its left branch. (Fig. 1a.) In the left 
anterior oblique position the apex of the heart 
showed a notch, suggesting the interventricular 
groove and thus showing that it was formed 
mostly by the right ventricle. (Fig. 1 b, arrow.) 

The patient had repeated attacks of more 
severe cyanosis with dyspnea. In one of these 
attacks, on the fourth day after admission, he 
became irrational and then lapsed into a coma 
and died. 

At autopsy it was revealed that the head, 
mucosae and upper chest were deep blue. The 
fingers were moderately clubbed and the nail 
beds blue. The toes were not clubbed. There 
was no palpable subcutaneous edema. The 
serosal surfaces of the abdominal, thoracic and 
pericardial cavities were normal and there was 
no fluid in the cavities. The liver edge did not 
descend below the costal margin. 

The heart lay more nearly transversely in the 
thorax than normally. The entire visible surface 
from the anterior view was formed by the right 
ventricle and atrium. (Fig. 2a.) The right 
atrium was markedly dilated. The right ventri- 
cle was dilated and markedly hypertrophied. 
Its wall measured 18 mm. thick in the conus 
region. The foramen ovale was covered by the 
usual endocardial flap, the left margin of which 
was free so that a round probe 1.5 cm. in 


diameter could be passed through it. The tri- 
cuspid ring measured 12.9 cm. An interrupted 
row of small, pale vegetations about 1 mm. 
wide was found along the line of closure of the 
tricuspid leaflets and there was an appreciable 
thickening of the leaflets and several chordae 
tendineae. The mural endocardium of both the 
atrium and the ventricle was smooth and thin. 
The pulmonic valve was extremely stenosed. 
(Fig. 2b.) It was composed of a dome-shaped, 
stiff, white membrane with a tiny, round orifice 
between 2 and 3 mm. in diameter. A continu- 
ous row of tiny, pink, translucent vegetations 
lined the free margin of this orifice. There were 
no distinct separate cusps but four distinct 
thin commissures joined the membrane to the 
base of the pulmonary artery. The pulmonic 
valve ring had a circumference of 5 cm. The 
pulmonary artery dilated gradually from the 
valve ring to the bifurcation and its wall be- 
came much thinner in the distal end but the 
intima was smooth and normal. The dilatation 
extended into the left main branch of the pul- 
monary artery giving rise to an aneurysmal sac 
in the left hilar region corresponding to the 
shadow in the x-ray film. (Fig. 1a.) The wall 
of this dilated artery was thin and the intima 
perfectly smooth but for the wrinkles produced 
by its collapse when emptied. The vessel was 
perfectly elastic. There was only a small plaque 
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in the intima of the artery 2.4 cm. distal to its 
origin marking the former orifice of the ductus 
arteriosus. The dilatation did not extend into 
the secondary branches of the pulmonary 
artery. The right main branch of the pulmonary 
artery was about one-half the diameter of the 
left and appeared normal. 

The pulmonary veins emptied normally into 
the left atrium. There was no enlargement of the 
left atrium or ventricle. The mitral valve ap- 
peared normal and its ring measured 8.7 cm. 
The left ventricle was 10 mm. thick. The mural 
endocardium was smooth; the aortic valve 
appeared normal. Its ring measured 7.2 cm. 
The myocardium had a normal color and 
appearance except for a small white scar near 
the apex of the left ventricle. The coronary 
arteries were free of sclerosis. 

The ascending aorta contained a few very 
thin yellow intimal plaques. A small yellowish- 
white plaque in the arch marked the former 
orifice of the ductus arteriosus. A thin, short 
ligamentum arteriosum, without a lumen, joined 
this to the left pulmonary artery. The left 
bronchial artery arose just distal to the arch 
of the aorta by an unusually large orifice about 
2 mm. wide. The vessel was tortuous and a 
little larger than normal. In order to trace its 
course the lungs, heart and aorta were removed 
en bloc. A thick suspension of bismuth oxychlo- 
ride was injected under a pressure of 130 mm. 
of mercury into the cannulated artery. This 
suspension, which ordinarily does not pass the 
arterioles, poured profusely out of the left 
pulmonary artery indicating unusually wide 
anastomoses. 

The lungs weighed 670 Gm. together. They 
were pale, soft and crepitant. The liver weighed 
1,375 Gm. and its cut surface showed patchy 
lobular atrophy and hyperemia. The spleen 
weighed 255 Gm. and was very firm and almost 
black. The kidneys weighed 340 Gm. together 
and were similarly very dark and hyperemic. 
The organs and tissues generally were all suf- 
fused. The bone marrow of ribs, sternum, 
vertebra and femur were uniformly deep red. 

Histologic examination showed that the 
myocardium contained distinct perivascular 
cuffs of fibrosis, particularly in the interventricu- 
lar septum. The myocardial fibers of the right 
ventricle were thickened. The small scar in the 
left ventricle was composed of old hyalinized 
collagenous tissue containing many small 
thick-walled vessels. The coronary arteries 
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generally were delicate. The pulmonic valve 
was markedly thickened, due principally to 
increased thickness of the central stratum which 
was hyalinized and contained a fine, dust-like 
basophilic deposit of calcification. Tiny thin- 
walled vessels extended through this layer 
almost to the free margin of the valve which 
was surmounted by a small, acidophilic, hya- 
line, amorphous deposit that contained no cells. 
The tricuspid valve also contained a number of 
small, thin-walled vessels and small, amorphous, 
acidophilic deposits on its line of closure which 
were virtually acellular. The mitral valve was 
moderately vascularized but showed no vegeta- 
tions. The aortic valve was normal. The aorta 
contained only very small intimal plaques com- 
posed principally of foam cells. The pulmonary 
artery had a normal structure except that the 
thickness of the wall in the distal dilated portion 
was reduced to about one-half that of the proxi- 
mal portion. A cross section of the ligamentum 
arteriosum showed a complete obliteration of 
the lumen by hyalinized fibrous and elastic 
tissue. The lungs were normal except for the 
presence of occasional eccentric thickenings of 
the walls of small arteries. (100 to 200 micra 
diameter.) The injected radiopaque material 
could be identified in small bronchial arteries, 
pulmonary arteries and occasional very dilated 
capillary vessels in the peribronchial connective 
tissue and surrounding alveolar walls. There 
was marked passive congestion of the other 
viscera. 

Comment. This patient presented the 
fully developed picture of congenital heart 
disease with persistent cyanosis. Secondary 
polycythemia and clubbing of the fingers 
and toes offered objective evidence of 
chronic anoxia. Cyanosis developed rather 
late in life and did not interfere with a 
moderately active life until the age of 
thirty-four. At that time intensification of 
dyspnea and cyanosis started the patient 
on a gradual downhill course, with death 
at the age of thirty-nine resulting from 
severe anoxia. From the diagnostic stand- 
point the confusing clinical factor was the 
radiologic appearance of the widely dilated 
pulmonary artery, the left branch of which 
was at one time mistaken for a lung tumor. 

Pathologically, there was a high degree 
of stenosis of the pulmonary valve with a 
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Fig. 3. Roentgenograms in Case it. a, postero-antcrior view of the heart showing a normal-sized heart with a 
hypoplastic aorta and prominent pulmonary artery, b, diodrast-cardiogram interpreted as showing the con- 
trast medium filling the superior vena cava, the right auricle and a stream of the contrast material reaching the 
left auricle through a patent foramen ovale (arrow). (Courtesy of Dr. Earl Miller, Department of Radiology, 
University of California Hospital.) 


peculiar cup-shaped deformity of the fused 
valves, a dilatation of the pulmonary 
artery and wide patency of the foramen 
ovale. There was also evidence of large 
collateral circulation to the pulmonary 
branches from the bronchial artery. The 
right ventricle was severely hypertrophied, 
but there was no evidence of chronic con- 
gestive failure. 

Case ii. L. C., a twenty-five year old 
divorced white woman, entered San Francisco 
Hospital on January 10, 1947, complaining of 
dizziness and episodes of fainting on exertion. 

She had first been seen in this hospital in 
August, 1943 because of salpingo-oophoritis, 
and at that time was also thought to have con- 
genital heart disease and rheumatic heart 
disease with mitral stenosis and pulmonary 
insufficiency. She gave a history of having 
rheumatic fever at four and since then she has 
had episodes of exertional dyspnea, dizziness 
and occasional syncope which she attributed 
to rheumatic heart disease. She was not cyanotic 
but was found to have clubbing of the fingers 
which she thought she had had for many years. 
Her hemoglobin was 15 Gm. and the red blood 
count was 4.35 million. 


She was next seen at the University of 
California Hospital in November, 1946 be- 
cause of dyspnea, weakness, dizziness and faint- 
ing on exertion. She stated at that time that 
these symptoms had occurred off and on during 
her whole life but were occurring with increas- 
ing frequency during the previous three months. 
She was found to have moderate cyanosis and 
marked clubbing of her fingers and toes. The 
heart was slightly enlarged to the left, and there 
was a moderately loud systolic murmur over 
the entire precordium, best heard in the third 
intercostal space at the left sternal border which 
was also radiating to the axilla and the left 
scapula. The second sound was louder at the 
pulmonic area than at the aortic. The liver was 
slightly enlarged and somewhat tender. A 
blood count revealed a hemoglobin of 16.6 Gm. 
and 6.5 million erythrocytes. An electrocardio- 
gram showed marked right axis deviation with 
inverted T waves in leads 11, hi, and iv F and a 
prominent tall Po. (Fig. 4a.) Roentgen ex- 
amination of the chest revealed the heart to be 
within normal limits of size with a prominent 
shadow of the pulmonary artery. (Fig. 3a.) 
Diodrast cardiography was interpreted as show- 
ing an interauricular communication with a 
right to left flow of the contrast material (Fig. 
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Fig. 4. Electrocardiograms in Case 11. a, four-lead electrocardiogram showing the patterns of right ventricular 
hypertrophy, b, unipolar extremity leads, c, precordial leads, both confirming the diagnosis of right ventricular 
hypertrophy. 


3b), large pulmonary arteries and hypoplasia 
of the aorta. Diagnosis of congenital heart 
disease with an interauricular septal defect 
and hypoplasia of the aorta was made. 

Following discharge from the University of 
California Hospital, the patient continued to 
have dyspnea, dizziness and fainting episodes 
with increasing frequency and finally, in Janu- 
ary, 1947, reentered the San Francisco Hospital. 
At that time the cyanosis was found to be severe 
and she would faint if allowed to stand for a 
few minutes or upon any exertion. Her blood 
pressure was 120/90. There was a widely split 
first heart sound at the apex and a moderately 
loud, harsh systolic murmur transmitted to the 
axilla. Another systolic murmur was heard at 
the second and third left intercostal space. 
Second sound was present at the pulmonic area. 
The liver was slightly enlarged; there was no 
edema. Laboratory studies were essentially 
negative except for a hemoglobin of 15.9 Gm. 
and erythrocytes numbering IT million. The 
hematocrit reading was 60. An electrocardio- 
gram showed the pattern of right ventricular 
hypertrophy, essentially as shown in Figure 4a, 
with additional confirmation of this diagnosis 
by unipolar extremity leads and leads v x — v c . 
(Fig. 4b.) 

Her course in the hospital was slowly but 


progressively downhill. She became more 
markedly cyanotic and dvspneic and fainted on 
such mild exertion as turning in bed. During the 
last ten days she developed a low grade fever 
which was unexplained and she expired on 
February 6, 1947. 

Autopsy was performed seventy-six hours 
after death by one of us (R. H.) and was limited 
to examination of the thoracic cavity because 
of the terms under which consent was granted. 

The body was that of a well developed, well 
nourished, white female measuring 64 inches 
in length and appearing to be about the stated 
age of twenty-five years. The weight was ap- 
proximately 110 pounds. The body showed no 
edema, but there was well developed post- 
mortem lividity over its posterior and lateral 
aspects. There was bilateral clubbing "of the 
fingers and toes. 

The right pleural cavity contained 100 cc. of 
clear, amber-colo'red fluid, and the left pleural 
cavity contained 250 cc. of a similar type fluid. 
The mediastinum was in the midline and small 
remnants of thymic tissue and fat were present 
in the superior mediastinum. The pericardial 
sac contained 50 cc. of clear, amber-colored 
fluid. 

The heart was transverse in position with the 
anterior surface made up of dilated right auricle 
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Fig. 5. Photograph of the heart in Case n. a, view of the heart, the stcnosed pulmonary valve and the thin-walled, 
dilated pulmonary artery, b, view of the hypertrophied right auricle and ventricle and the patent foramen ovale 
(forceps), c, close-up of the pulmonary valve viewed from above. 


and enlarged right ventricle. It weighed 330 Gin. 
and measured 13 by 10.5 by 7 cm. The wall of 
the right auricle was thickened and on its outer 
surface were small, fibrous, granular thicken- 
ings of the epicardium. The foramen ovale was 
patent and allowed passage of one finger through 
the interauricular septum. On the left auricular 
side was a well developed, thin, fibrous septum 
with a crescentic opening measuring 1 .5 cm. 
long. The septum covered the opening suffi- 
ciently to have acted as a flap valve preventing 
the flow of blood from the left auricle to the 
right auricle whereas flow from the right to the 
left was possible. The left auricle was small and 
the wall averaged 2 mm. in thickness. The 
tricuspid valve admitted three fingers with ease 
and measured 8.5 cm. in circumference. The 
valve cusps were thickened and there were small 
warty, pale, greyish-pink vegetations along the 
margin of closure near the centers of two of the 
cusps. Some of the chordae tendineae were 
quite markedly thickened. The wall of the 
right ventricle was hypertrophied and varied 
in thickness from 10 to 15 mm. The pulmonary 
valve showed a complete fusion of all of the 
free margins of the cusps so that there was a 
dome-shaped, fibrous diaphragm with a central 
opening which measured 2 mm. in length and 
1 mm. in width. This was the only opening 
through the pulmonary valve ring. The margins 
of the opening were fringed with numerous tiny, 
beaded, translucent, friable, greyish-pink vege- 
tations. (Fig. 5.) The wall of the pulmonary 
artery was approximately one-third the usual 
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thickness and the artery was dilated above the 
valve ring. It measured 2 cm. in diameter just 
above the valve, and was 3.5 cm. in diameter 

2 cm. above the valve ring. In the region of the 
ductus arteriosus the pulmonary artery rvas 
closely approximated to the under surface of the 
aorta and showed a small dimple in the wall. 
On the aortic side there was a deeper, funnel- 
shaped depression which extended obliquely 
through the wall of the aorta toward the dimple 
in the pulmonary artery. There was no com- 
munication from either side. A large athero- 
matous plaque was present in the aorta adjacent 
to the obliterated ductus. The wall of the left 
ventricle averaged 1 1 mm. in thickness and the 
chamber was normal in size. The mitral and 
aortic valves showed no evidence of disease and 
were normal in structure. The circumference 
of the mitral valve was 9 cm. and that of the 
aortic valve was 6 cm. The aorta was small with 
a wall of normal thickness. Its circumference was 
6 cm. immediately above the aortic ring, 5 cm. 

3 cm. above the ring, and 3.9 cm. 6 cm. above 
the ring. The lower part of the thoracic aorta 
was 3.5 cm. in circumference. The coronary 
vessels had a normal distribution and the walls 
were not thickened. 

The right lung weighed 360 Gm. and the left 
lung weighed 340 Gm. Both lungs were normally 
aerated and no gross areas of consolidation were 
present. They were moderately congested but 
not otherwise unusual upon cut section. 

Histologic examination revealed that the 
myocardial fibers in the right ventricle were 
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increased in size and were as large as those in 
the left ventricle. The nuclei were centrally 
placed and frequently were rectangular in out- 
line. The myofibrils were well preserved but 
cross striations were indistinct. The majority of 
the fibers had an increase in the amount of 
perinuclear pigment, and occasional fibers 
showed separation of the fibrils. There were 
occasional small patchy areas of fibrosis between 
muscle bundles and perivascular fibrosis was 
also occasionally found. Small foci of lympho- 
cytes and mononuclear cells were present in and 
adjacent to the fibrous areas. Aschoff bodies 
were not seen. The cusps of the pulmonary 
valve were thickened, with the thickest portion 
midway between the orifice and the attachment, 
and tapered toward the orifice. The cusps had 
an increased vascularity with numerous small 
vessels far out toward the free margin. The 
thickening was due to the presence of broad 
hyalin collagenous fibers. The surfaces of the 
valve were covered with a smooth layer of 
endothelial cells except at the orifice where the 
endothelium was interrupted by a proliferation 
of large, stellate-shaped cells with large hyper- 
chromatic nuclei. These cells showed a slight 
tendency toward palisading and extended out- 
ward for a short distance into masses of fibrin 
which were adherent to the underlying con- 
nective tissue of the cusp. The fibrin was homo- 
geneous and contained very few cells. No 
bacteria could be demonstrated within the 
vegetations. The valve cusps attached to the 
root of the pulmonary artery in a normal man- 
ner. The artery above the valve was thin but 
showed the usual histologic arrangement of 
elastic fibers. The tricuspid valve was thickened 
with increases of collagenous connective tissue 
and blood vessels. Along the margin of closure 
there was a zone of endothelial ulceration and 
an adherent fibrinous vegetation similar to 
those found on the pulmonary valve. The 
structure of the mitral and aortic valves was 
normal. Sections through the walls of the aorta 
and pulmonary artery in the region of the 
ductus arteriosus showed a short small channel 
with the lumen obliterated by a completely 
organized fibrous mass. The aorta had a wall of 
normal thickness with intact elastic fibers and 
no evidence of degeneration or inflammation. 
Sections from several portions of the lungs 
showed patchy early bronchopneumonia as well 
as quite pronounced congestion of alveolar 
capillaries in most regions. 


Comment. This patient developed visible 
cyanosis only a few months before death 
although clubbing of the fingers and toes 
was known to have existed for a long time. 
Cyanosis and polycythemia progressed with- 
in a very short time to extreme degrees and 
the patient died at the age of twenty-five 
from anoxia. Roentgenologic examination 
revealed a dilated pulmonary artery and, 
with the use of diodrast, a defect in the 
interauricular septum with a right to left 
blood flow. 

Necropsy showed a diaphragm-type 
stenosis of the pulmonary valve of high 
degree, a widely patent foramen ovale, 
marked hypertrophy of the right ventricle 
and a dilated pulmonary artery. There was 
evidence suggesting that the ductus arterio- 
sus may have been patent in adult life and 
obliterated shortly before death. The recent 
obliteration of the ductus arteriosus may 
have been the cause of the sudden develop- 
ment and rapid progression of severe 
Cyanosis. 

FINDINGS IN CASES TAKEN 
FROM THE LITERATURE 

Maude Abbott’s chart of 1,000 cases of 
congenital heart disease 2 contains twenty- 
five cases of pulmonary stenosis with intact 
interventricular septum. 6-20 Sixteen of these 
had a patent foramen ovale and in nine the 
foramen ovale was closed. All but two of 
these cases have been reviewed and an ad- 
ditional twenty-seven similar cases have 
been collected from the literature. 4,27—40 In 
order to establish characteristic features for 
the differential diagnosis of these cases a 
well documented group of control cases with 
other congenital lesions and cyanosis has 
been assembled. This includes twenty-eight 
cases of proven tetralogy of Fallot 41-62 
and thirteen cases of Eisenmenger com- 
plex. 3,31,63-71 Since the primary objective 
of this report is to establish diagnostic cri- 
teria for fully developed clinical entities, the 
control group was limited to autopsied sub- 
jects above fifteen years of age and con- 
sisted of Abbott’s cases supplemented by 
more recently reported cases. 
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Cases of pulmonary stenosis* with intact 
interventricular septum and patent fora- 
men ovale are presented in some detail. 
(Table I.) The twenty-three cases of pul- 
monary stenosis with both septa intact and 
the control group (twenty-eight cases of 
the tetralogy of Fallot and thirteen cases 
of the Eisenmenger complex) have been 
analyzed and their various clinical 
and pathologic features compared with 
those of pulmonary stenosis with patent 
foramen ovale in Tables n to vii. Special 
care was exercised in the compilation of the 
tables to avoid error resulting from the 
comparison of groups containing children 
as well as adults with control groups con- 
sisting of only those above the age of fifteen. 
Whenever it was thought that the age may 
have influenced the incidence of various 
features, cases of pulmonary stenosis with 
closed interventricular septum were also 
limited to those over fifteen in order to make 
all groups comparable. 

Table i summarizes clinical and patho- 
logic findings in patients with pulmonary 
stenosis with patent foramen ovale and in- 
cludes twenty-seven cases from the litera- 
ture and two of our own. The similarities 
between many of these cases justify separa- 
tion of this syndrome as a clinical entity not 
only from the tetralogy of Fallot and the 
Eisenmenger complex, but from pulmonary 
stenosis with both septa intact as well. Some 
of the clinical features of pulmonary stenosis 
with patent foramen ovale are characteristic 
enough to make this syndrome a clinically 
recognizable entity. These features can best 
be emphasized by comparing this group of 
cases with others having similar congenital 
lesions. 

Cyanosis. The most important single 
feature in the diagnosis of congenital heart 
disease is cyanosis. Cyanosis is the dividing 
line between various groups of lesions. It is 
shown conclusively in Table i that pul- 
monary stenosis with patent foramen ovale 
belongs to the cyanotic group of congenital 

* Pulmonary stenosis is used hereafter to signify 
pulmonary stenosis with intact interventricular septum 
as contrasted with the tetralogy of Fallot. 
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lesions. Table n contrasts the incidence and 
degree of cyanosis in this syndrome with 
that in other forms of pulmonary stenosis 
and in the Eisenmenger complex. The first 
part of the table shows that pulmonary 
stenosis with closed foramen ovale is a non- 
cyanotic lesion with rare exceptions. The 
contrast between these two forms of 
pulmonary stenosis has been analyzed in 
relation to the mechanism of cyanosis 
elsewhere . 72 It may be pointed out here, 
however, that a critical review of the six 
cases of pulmonary stenosis with closed 
foramen ovale and cyanosis 72 reveals that 
only one of them presented the fully de- 
veloped picture of chronic cyanosis with 
secondary polycythemia and clubbing . 29 
In this case no detailed description of the 
foramen ovale is presented and an error 
cannot be ruled out. In the remaining five 
cases the evidence of persistent cyanosis was 
not very convincing. On the other hand, in 
the single case of pulmonary stenosis with 
patency of the foramen ovale in an adult 
without cyanosis the foramen was very 
small. Therefore, it appears that cyanosis 
in pulmonary stenosis with intact interven- 
tricular septum depends on the shunt from 
the right auricle to the left auricle through 
the patent foramen ovale. 

In the second and third parts of Table u 
pulmonary stenosis with patent foramen 
ovale is compared with the tetralogy of 
Fallot and the Eisenmenger complex. There 
is no basic difference between the first two 
types in the degree of cyanosis and the age 
of onset. Severe cyanosis is infrequent in the 
Eisenmenger syndrome but the age of onset 
of cyanosis is similar to that in the other 
types. 

Polycythemia and Clubbing. Secondary 
polycythemia and clubbing of the fingers 
and toes offer objective evidence of long- 
standing arterial anoxemia. Table hi shows 
the incidence of these signs in the four types 
of congenital heart disease under discussion 
in cases in which the observations were 
recorded. 

Auscultatory Physical Findings. Ausculta- 
tion of the heart is an important method of 
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Table ii 

INCIDENCE, ONSET AND DEGREE OF CYANOSIS IN VARIOUS 
FORMS OF PULMONARY STENOSIS AND IN THE 
EISENMENGER COMPLEX 

i. Cyanosis in pulmonary stenosis with and without 
patency of the foramen ovale 



Pulmonary 
Stenosis with 
Patent 
Foramen 
Ovale 

Pulmonary 
Stenosis with 
Closed 
Foramen 
Ovale 

Cyanotic patients 




25 

6 

over the age of 1 5 

17 

3 

Non-cyanotic patients 



total number 

4 

17 

over the age of 1 5 

1 

13 


ii. Onset of cyanosis in pulmonary stenosis with patent 
foramen ovale in the tetralogy of Fallot and in the 
Eiscnmenger complex 


Age of Onset i 

Pulmonary 
Stenosis 
! with 
Patent 
| Foramen 
Ovale 

Tetralogy 

of 

Fallot 

Eisen- 

menger 

Complex 

0-5 

10 

9 

4 

6-10 

3 

5 

2 

11-15 

* * 


1 

over 16 

information not 

4 

4 

4 

available 

8 

10 

2 


m. Degree of cyanosis during terminal illness 



Pulmonary 
Stenosis 
with 
Patent 
Foramen 
Ovale 
(Patients 
over 15) 

i 

Tetralogy 

of 

Fallot 

i 

Eisen- 

menger 

Complex 

None 

1 

1 

0 

Mild 

0 

2 

3 

Moderate 

8 

5 

8 

Severe 

9 

17 

1 

Total 

18 

25 

12 


identifying and differentiating various con- 
genital cardiac lesions. It is fully realized 
that compilation of data from such a hetero- 
geneous group of cases reported by various 
authors at different periods can only be 
considered approximate, especially since 
this is an entirely subjective method of 
examination. The intensity of the murmurs 
and their transmission were not commented 
upon in a sufficient number of cases to war- 
rant inclusion in the discussion. The location 
of the points of maximum intensity of the 
murmurs is presented usually as described 
by the authors, except that murmurs re- 
corded as best heard in the second and third 
intercostal space at the left sternal border 
were consolidated with those described as 
located in the pulmonic area, and murmurs 
best heard in the third and fourth, or the 
fourth and . fifth intercostal spaces were 
grouped together as lower left sternal border. 
Many murmurs were recorded as precordial 
without better specification and are pre- 
sented here as such. In order to bring out 
better the differences in location of the 
murmurs those with specified location of 
the maximum intensity were then divided 
into two groups: (1) those over the upper 
part and (2) those over the lower part of the 
cardiac projection of the chest wall. The 
third intercostal space provided the rough 
dividing line. No correlation could be found 
between the location of the murmurs and 
the type of pulmonary stenosis found at 
autopsy. The murmurs of valvular and sub- 
valvular stenosis were not distinguishable. 

Diastolic murmurs were all described as 
early diastolic, located to the left of the 
sternum, except for two cases in which a 
mitral type of rumbling apical murmur was 
recorded. It was noted that of the five early 
diastolic murmurs in the tetralogy of Fallot 
three subjects were found to have bicuspid 
pulmonary valves. 

In a few cases description of physical 
findings included comments on the intensity 
of the second sound at the second left inter- 
costal space. The second sound at that area 
was described as decreased or absent in five 
cases of pulmonary stenosis with intact in- 
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terventricular septum and in one case each 
of the tetralogy of Fallot and the Eisen- 
menger complex. On the other hand, it was 
accentuated in four cases of the former 
group and in five of the control group. It 
was noted that in four cases of the tetralogy 


Table m 

INCIDENCE OF POLYCYTHEMIA AND CLUBBING IN PATIENTS 
OVER THE AGE OF FIFTEEN 


! 

' 

1 

1 

Pul- 
monary 
Stenosis 
with 
i Fora- 
men 

Ovale 

Closed 

! 

1 Pul- 
monary 
Stenosis | 
with 
Fora- 
men 

Ovale 

Patent 

Tetral- 
ogy of 
Fallot 

i 

II 

Eisen- 

menger 

Com- 

plex 

Polycythemia 

i 


i 


present 

1 

8 

1 9 

5 

absent 

6 

0 

2 

0 

Clubbing 





present 

2 1 

11 

17 

8 

absent 

8 1 

i 

2 

i 

3 

2 


of Fallot with a normal or loud second sound 
at the left sternal border the pulmonic 
valves were not grossly abnormal. 

Electrocardiographic Findings. Electrocar- 
diograms were reported in twenty-five of 
the ninety-three cases. Right axis deviation 
was, as expected, the prominent feature of 
all four lesions discussed here. It was present 
in all but one case and that was a case of 
the Eisenmenger complex. In four cases 
right bundle branch block was reported, 
three of which were cases of pulmonary 
stenosis with intact interventricular septum 
and one Eisenmenger complex. In none of 
these four cases were multiple precordial 
leads or unipolar leads available to permit 
a finer differential diagnosis between a true 
conduction defect and ventricular hyper- 
trophy. Prominent, tall P waves were re- 
ported in eleven cases and were less common 
in the tetralogy of Fallot than in the other 
two types of pulmonary stenosis. None were 
reported in the Eisenmenger complex. 

Roentgenologic Findings. It is rather diffi- 
cult to compare the x-ray appearance in a 
group of patients with so many factors af- 
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fecting the size, shape and position of the 
cardiac shadow. However, a review of the 
data revealed that the most striking feature 
was the appearance of the pulmonary 
artery, regardless of the size and shape of 
the ventricular shadow. Table v shows the 


Table iv 

CARDIAC MURMURS IN VARIOUS FORMS OF PULMONARY 
STENOSIS AND THE EISENMENGER COMPLEX 



Pul- 

monary 

Stenosis 

with 

Fora- 

men 

Ovale 

Closed 

Pul- 

monary 

Stenosis 

with 

Fora- 

men 

Ovale 

Patent 

Tetral- 

ogy 

of 

Fallot 

Eisen- 

menger 

Com- 

plex 

Systolic murmurs 
t . Precordial. . . 

2 

4 

1 

1 

2 . In upper half 
of cardiac 
projection. . 

15 

20 

7 

3 

Pulmonic 

11 

15 

5 

3 

Area base of 
the heart. . . 

4 

5 

2 

0 

3 In lower half 
of cardiac 
projection. . 

5 

3 

13 

7 

Lower left 
sternal 
border 

4 

1 

12 

3 

Apical area. 

1 

2 

1 

4 

Diastolic 

murmurs .... 

6 

4 

5 

6 

Total: informa- 
tion available. 

22 

28 

21 

11 


contract between the x-ray appearance of 
cases of pulmonary stenosis with and with- 
out patency of the foramen ovale and of the 
tetralogy of Fallot. All patients with pul- 
monary stenosis, with the exception of one 
infant, had evidence of dilatation of the 
pulmonary artery while in the tetralogy of 
Fallot the pulmonary artery was small in 
ten cases, questionably enlarged in one case 
and in one other the cardiac shadow ap- 
peared normal. In most cases of pulmonary 
stenosis the cardiac shadow was not much 
enlarged so that the two films shown in 
Figures 1a and 3a can be accepted as repre- 
senting typical examples of the x-ray ap- 
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pearance of pulmonary stenosis as judged 
from the fifteen aulopsied cases in which 
x-ray examinations were reported. In the 
tetralogy of Fallot, too, the heart was most 
frequently normal in size. “Sabot”-shaped 
elevation of the cardiac apex was recorded 


Table v 

ROENTGENOLOGIC SIZE OF THE PULMONARY ARTERY 
AND BRANCHES 



Pul- 
monary 
Stenosis 
with 
Closed 
Fora- 
men 
j Ovale 

Pul- 

monary 

Stenosis 

with 

Patent 

Fora- 

men 

Ovale 

i 

1 

Tetral- 

ogy 

of 

i Fallot 

: 

1 

Eisen- 

menger 

Com- 

plex 

Prominent 
pulmonary 
artery 

! 7 

7 

1 (?) 

5 

Small 

pulmonary 
artery 

| 

1 0 

0 

10 

0 

Pulmonary 
artery not 
remarkable.. . 

1 

0 

1 

1 

1 

0 


in some, but not in all cases. In one case 
there was a right-sided aortic arch. The 
characteristic deep concavity of the left 
cardiac border was present even in those 
with cardiac enlargement, notably in the 
remarkable case of Volini and Flaxman, 69 
in which the cardiac shadow occupied 80 to 
90 per cent of the transverse diameter of the 
chest and the heart weighed 750 Gm. In 
the Eisenmenger syndrome the six patients 
with a record of radiologic examination 
showed a very characteristic appearance 
in that the pulmonary artery was very 
prominent, there was a very marked dila- 
tation of the hilar shadows and the lung 
fields were intensely congested. Fluoroscopic 
examination reported in cases of the Eisen- 
menger complex invariably revealed promi- 
nent pulsations of the hilar shadows. In 
contrast the dilated pulmonary arteries in 
pulmonary stenosis with intact interven- 
tricular septum were usually described as 
showing absent or slight pulsations. 


Course and Prognosis. In spite of the rela- 
tively small number of cases analyzed a 
certain amount of useful information con- 
cerning the prognosis of the various lesions 
can be obtained by comparing the ages 
attained by the patients and the cause of 

Table vi 

PROGNOSIS OF THE FOUR TVPES OF CONGENITAL HEART 
DISEASE 

i. Age at death of patients who survived fifteen years 
of life 



Pul- 
monary 
Stenosis 
with 
Closed 
| Fora- 
I men 
Ovale 

Pul- 

monary 

Stenosis 

with 

Patent 

Fora- 

men 

[ Ovale 

Tetral- 

ogy 

of 

Fallot ' 

. 

Eisen- 

menger 

Com- 

plex 

15-20 

2 

6 

12 

0 

21-30 

6 

8 

12 

4 

31-40 

4 

2 

9 

5 

Over 41 

i 

• 5 

3 

2 

4 


H. Causes of death in these patients 


Heart failure. . . ! 

3 1 

3 

3 

9 

Anoxia 1 

i 

2 

2 i 

0 

Bacterial 

endocarditis. . 

6 

i 

8 

3 

Pulmonary 
tuberculosis. . 

1 

7 

5 

0 

Cerebral abscess 

0 

3 

3 

1 

Other causes. . . 

5 

3 

3 

0 


death. This is shown in Table vi. Pulmonary 
stenosis with closed septa and the Eisen- 
menger complex appear to have a some- 
what better prognosis than pulmonary 
stenosis with patent foramen ovale and 
the tetralogy of Fallot. 

Pathologic Features. The great majority 
of examples of pulmonary stenosis with in- 
tact interventricular septum show strikingly 
similar anatomic deformities. Of the fifty- 
one cases forty-three were due to fusion of 
the cusps. In thirty-two of these the fusion 
was complete so that a dome-shaped or 
conical membrane with a small central 
opening resulted. Sometimes the commis- 
sures could be distinguished even when 
there were no separate cusps as in the two 
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cases described in this report. In Table vii 
the types of stenosis are compared in the 
tetralogy of Fallot and in the two classes of 
pulmonary stenosis with intact interven- 
tricular septum. Valvular fusion occurred in 
all three classes but it was the nearly ex- 
clusive form of stenosis only in the cases 
with patent foramen ovale and intact inter- 
ventricular septum. The diaphragm was 
relatively thin and delicate in some of the 
youngest subjects but it was thick and rigid 
in the older patients such as the two re- 
ported herein. Histologic examination of the 
valves was rarely reported except in the 
presence of bacterial endocarditis. Tiny 
bland vegetations were often observed on 
the free margins of the valve orifice. Thick- 
ening and mild deformities of the tricuspid 
valve were frequently noted. The frequent 
presence of. dilatation of the pulmonary 
artery in those with intact interventricular 
septum is recorded in the second part of 
Table vn. The third and fourth parts of the 
table show that dilatation of the pulmonary 
artery is directly related to the degree and 
location of the stenosis. 

It is customary to assume that these cases 
of pulmonary valvular stenosis are con- 
genital. Typical examples have been ob- 
served at autopsy in subjects only a few 
months old and symptoms and signs have 
been present since birth in many instances. 
It would be difficult to prove the congenital 
origin in many cases in adults in whom 
symptoms appeared late and in whom 
fibrous thickening and vascularization of 
the valves so closely resembled the results 
of rheumatic disease. There are too few 
reports of careful histologic studies of the 
heart to provide a basis for generalization 
on this point. Whatever the pathogenesis 
of the valvular lesion, the circulatory effects 
and clinical results would be expected to 
be the same in all essential respects. 

COMMENTS 

It appears from the evidence presented 
that pulmonary stenosis with patency of the 
foramen ovale is a distinctive entity. Clini- 
cally, it is a cyanotic disease and thereby 
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differs from pulmonary stenosis with closed 
foramen ovale. This is a fundamental dif- 
ference which justifies very strict separation 
of these two conditions which are so often 
grouped together as “p u ^ rnonar Y stenosis 
with closed interventricular septum.” The 
striking contrast is best illustrated in adult 

Table vii 

PATHOLOGIC FINDINGS IN VARIOUS TYPES OF PULMONARY 
STENOSIS 

i. Type of pulmonary stenosis 



Pul- 

monary 

Stenosis 

with 

Closed 

Foramen 

Ovale 

Pul- 

monary 

Stenosis 

with 

Patent 

Foramen 

Ovale 

Tetral- 

ogy 

of 

Fallot 

Valvular fusion, 



' 

diaphragm type 

9 : 

23 

2 

Valvular fusion, partial. . . 

6 

5 

8 

Hypoplasia, pulmonary 




artery 

0 

0 

8 

Subvalvular membrane. . 

2 

1 

8 

Conus separate chamber. . 

5 ! 

o 1 

1 

1 

Total 

29 

29 

20 


ii. Size of pulmonary artery 


Small 

1 

3 

9 

Normal 

2 

1 

5 

Dilated 

6 ! 

12 

5 

i 


in. Relation of the size of pulmonary artery to the type 
of stenosis 



Valvular 

Stenosis 

Sub- 

valvular 

Stenosis 

Small pulmonary artery 

1 

8 

4 

Dilated pulmonary artery 

1 

22 

1 

i 


iv. Relation of the size of pulmonary artery 
to the degree of stenosis 



Severe 

Moder- 

ate 

Stenosis 

Mild 


Stenosis 

Stenosis 

Small pulmonary artery. . 

0 

5 

3 

Dilated pulmonary artery 

12 

7 

2 
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patients who, with the same degree and 
position of pulmonary stenosis, with similar 
incidence of marked right ventricular hyper- 
trophy and of cardiac failure, develop 
chronic cyanosis with secondary polycy- 
themia only in the presence of a patent 
foramen ovale. The cyanosis can only be 
interpreted as indicative of a large venous- 
arterial shunt through the foramen ovale. 
The existence of a right to left shunt has 
been demonstrated in one of our patients 
by angiocardiography and in another re- 
ported case by cardiac catheterization. 30 
That such a course of blood flow is compati- 
ble with cardiodynamics even in the 
absence of right ventricular failure and tri- 
cuspid insufficiency has been discussed 
elsewhere in a study of cyanosis. 72 

In pulmonary stenosis with closed fora- 
men ovale there is no demonstrated cause 
of chronic cyanosis. Maude Abbott states 
that in these cases cyanosis is entirely due 
to capillary stasis but this explanation does 
not appear very likely. No direct evidence 
of capillary stasis has ever been presented 
in pulmonary stenosis without cardiac fail- 
ure nor have alterations in the velocity and 
volume of the circulation and in venous 
pressure been demonstrated. An important 
argument against such a view is the absence 
of cyanosis in patients with most marked 
pulmonary stenosis and cardiac hypertro- 
phy in this series, unless the foramen ovale 
was patent. A critical review of patients 
with closed foramen ovale shows that in the 
few considered cyanotic the evidence is un- 
convincing. It is not unreasonable to suspect 
one of three possibilities: (1) cyanosis de- 
veloped with heart failure and therefore 
was not different from terminal cyanosis of 
other cardiac patients, (2) a patent foramen 
ovale may have been overlooked at autopsy 
and (3) fetal passages permitting right to 
left flow may have existed in the past but 
closed before death. In spite of the fact that 
Abbott, 2 Currens, Kinney and White, 4 
Taussig 31 and others have pointed to the 
possible role of the foramen ovale as a 
path for an intracardiac shunt this has not 
been sufficiently emphasized, and the im- 


portance of the open foramen ovale in 
right-sided cardiac lesions is not generally 
appreciated. 

Cyanosis in pulmonary stenosis with 
patent foramen ovale varies in intensity 
and may occasionally be absent. In this 
respect it is not different from the tetralogy 
of Fallot and the Eisenmengcr complex. 
With any cyanotic lesion, patients may 
present the picture of morbus ceruleus from 
birth or may show intermittent cyanosis, 
late onset of cyanosis or gradual intensifica- 
tion of cyanosis. Pulmonary stenosis with 
patent foramen ovale occupies an inter- 
mediate place between the tetralogy of 
Fallot, the most severely cyanotic lesion and 
the Eisenmengcr complex, the least cy- 
anotic of the three. It is doubtful, however, 
whether the degree or time of onset of 
cyanosis can be used to -differentiate these 
three lesions. 

There arc no physical signs* pathogno- 
monic of pulmonary stenosis. There are, 
however, important differences between 
pulmonary stenosis on one hand and the 
tetralogy of Fallot and the Eisenmenger 
complex on the other which may be utilized 
in the diagnosis. In pulmonary stenosis 
with or without patency of the foramen 
ovale the systolic murmur is heard in the 
majority of patients in the pulmonic area 
whereas with the other two lesions it is more 
often present along the lower left sternal 
border. This difference suggests very strongly 
that the murmur of the tetralogy of Fallot 
originates in the interventricular septal 
defect rather than at the site of pulmonary 
stenosis or, at least, that this represents the 
more prominent of the two components. As 
already mentioned no important informa- 
tion could be gained from the description 
of the intensity of the systolic murmur, its 
transmission or the presence of thrills. 
However, the occasional mention of the 
systolic' murmur in the tetralogy of Fallot 
being conducted to the clavicles and the 
vessels of the neck suggests the unproven 
but interesting possibility that such trans- 
mission may be. a sign of over-riding aorta 
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and thus evidence against the presence of 
pulmonary stenosis alone. 

Early diastolic murmurs occur most fre- 
quently in the Eisenmenger complex at 
which point they unquestionably represent 
relative pulmonary insufficiency which is 
also shown by the marked hilar pulsations. 
They occur less frequently in the various 
forms of pulmonary stenosis when they 
indicate organic pulmonary regurgitation. 
Because of the anatomic type of the lesion, 
one might expect an even more frequent 
occurrence of diastolic murmurs in valvular 
pulmonary stenosis which accounts for the 
majority of patients with a closed inter- 
ventricular septum. 

The intensity of the second sound is of 
limited value in the differential diagnosis. 
An accentuated second sound along the 
upper left sternal border most likely indi- 
cates absence of pulmonary stenosis or, if 
the latter is present, subvalvular rather than 
valvular stenosis. In true valvular stenosis 
the second sound is often diminished or 
absent in this area. This relationship, how- 
ever, is disturbed by the fact that the second 
heart sound at that location is often trans- 
mitted from the aorta as pointed out by 
Currens et al . 4 and as shown in some of the 
cases in our series. It was heard in some 
patients in whom anatomic changes in the 
valves made their closure appear impossible. 

Electrocardiographic examination does 
not offer any characteristic information 
about the type of the lesion for all lesions 
under discussion are associated with right 
axis deviation. Prominence of the P waves 
is more common in pulmonary stenosis 
than in the tetralogy of Fallot and was not 
noted in the Eisenmenger syndrome. It may 
be noted that right bundle branch block 
appeared in three cases of pulmonary steno- 
sis and in none of the tetralogy of Fallot. 
This suggests that it indicates a high degree 
of right ventricular hypertrophy rather than 
an organic defect of the interventricular 
bundle which should be more likely to occur 
in septal defects. Some caution has to be 
exercised therefore in assuming that con- 
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duction disturbances are likely to indicate 
interventricular septal defects. 

Roentgenologic examination is by far the 
most important method in the differential 
diagnosis of cyanotic congenital lesions. 
The characteristic x-ray appearance of 
pulmonary stenosis is due to the post- 
stenotic dilatation of the pulmonary artery 
in spite of which the lung fields are more 
radiolucent than normal. These dilated 
pulmonary arterial shadows show dimin- 
ished or absent pulsations. This is in con- 
trast to the small size of the pulmonary 
vessels in the tetralogy of Fallot with a con- 
cave “waistline” of the heart, and the more 
prominent dilatation of the pulmonary 
conus, artery and branches with intense 
pulmonary congestion and increased pul- 
sations in the Eisenmenger complex. The 
characteristic appearance of the sabot- 
shaped heart of the tetralogy of Fallot is 
well known. Comparing pulmonary stenosis 
and the Eisenmenger complex with the 
better established roentgen configurations of 
the non-cyanotic congenital lesion, the 
former resembles that of a patent ductus 
arteriosus while the latter presents an 
almost identical x-ray appearance with an 
atrial septal defect. The striking uniformity 
of the x-ray pictures presented in Table vi 
may be a coincidence. From the pathologic 
analysis of the series one expects to find an 
occasional case of the tetralogy of Fallot 
with poststenotic dilatation of the pul- 
monary artery or a case of pulmonary 
stenosis with small pulmonary vessels. Oc- 
casional exceptions, however, do not weaken 
the importance of the characteristic x-ray 
appearance of the various types of pul- 
monary stenosis, especially since the dif- 
ferences are well explained by the anatomic 
findings. 

The importance of realizing the fre- 
quency of the poststenotic dilatation of the 
pulmonary artery and its effect upon the 
radiologic appearance of the heart is em- 
phasized by the practical value of the x-ray 
in selecting patients for the Blalock-Taussig 
operation. Reliance upon the size of the 
large pulmonary branches in the selection 
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of patients for operation 73 would eliminate 
most of those with pulmonary stenosis with 
intact interventricular septum. In spite of 
the very large and dilated pulmonary 
artery, the appearance of which might make 
the surgeon hesitant, one may expect pul- 


Tabi.e VIII 

SUMMARY OF DIFFERENTIAL DIAGNOSIS IN VARIOUS FORMS 
OF PULMONARY STENOSIS AND THE EISENMENGER COMPLEX 



Pulmonary 

Stenosis 

with 

Closed 

Foramen 

Ovale 

Pulmonary 

Stenosis 

with 

Patent 

Foramen 

Ovale 

Tetralogy 
of Fallot 

Eisen- 

menger 

Complex 

Cyanosis 

absent 1 

severe 

severe 

moderate 

Clubbing. .. 

absent i 

marked 

marked 

moderate 

Polycythemia 

absent 

marked 

marked 

moderate 

Systolic murmurs. . 

pulmonic 

pulmonic 

left sternal 

left sternal 


area 

area 

border 

border 

Diastolic murmurs. . 

2d sound pulmonary 

occasion- 

ally 

present 

occasion- 
l ally 
present 

occasion- 

ally 

present 

common 

area 1 

Electrocardiogram 
Right ventricular 

often di- 
; minished 

; often di- 
minished 

variable 

j 

loud 

hypertrophy. 

] prominent 

prominent 

prominent 

mild 

P waves 

Roentgenogram 

i tall 

1 

tall 

often tall 

not re- 
markable 

Pulmonary artery 

1 enlarged 

i 

enlarged 

small 

markedly 

enlarged 

Hilar shadows. 

Pulmonary 

■ moderate 
| size 

moderate 

size 

small 

very large, 
pulsating 

congestion 

j absent 

absent 

absent 

severe 


monary stenosis with patent foramen ovale 
to be aided by the operation as much as the 
tetralogy of Fallot . 72 

A summary of findings valuable in the 
differential diagnosis of the three cyanotic 
lesions and of pulmonary stenosis with 
closed foramen ovale is presented in Table 
vin. Information presented here is based on 
probability, indicating the features present 
in the majority of cases analyzed. 

The question of how precise an identifi- 
cation of the lesion can be made by the use 
of newer diagnostic methods, such as angio- 
cardiography and cardiac catheterization, 
must be left open. These methods are of 
great value and are becoming established as 
most important diagnostic procedures in 
congenital heart disease. Thus far, too few 
cases have been reported with autopsy con- 
firmation to know whether a demonstration 


of a lesion by one or both of these methods 
can be considered definite proof of correct- 
ness of the diagnosis. 

The question of the prognosis of cyanotic 
cardiac disease cannot be answered with 
any degree of accuracy from a small scries 
of cases. It is important, however, to note 
that more patients die as a result of com- 
plications than of cardiac failure. This may 
be interpreted as showing the ability of the 
heart to carry the burden of the structural 
deformities for an amazingly long time. It 
would follow that symptomatic treatment 
of the cyanosis, such as the Blalock-Taussig 
operation, is worth while. 

Finally, the relative incidence of the 
three types of cyanotic cardiac lesion de- 
serves some consideration. It is exceedingly 
difficult to determine the frequency of 
various lesions for they are too rare for 
reliable statistics from any institution and 
the calculations from the number of cases 
reported in the literature are misleading. 
Cases are usually reported only if they 
present some unusual feature so that rare 
conditions are reported in greater number 
than more usual ones. It seems probable 
that pulmonary stenosis with patent fora- 
men ovale is less common than the tetralogy 
of Fallot and that it is more common than 
the Eisenmcngcr complex. The respective 
incidences of these three main types of 
cyanotic congenital heart disease in adult 
life are unknown. 

SUMMARY 

Two cases of pulmonary stenosis with 
intact interventricular septum and patency 
of the foramen ovale are reported, with an 
analysis of twenty-seven additional autop- 
sied cases from the literature. This series is 
compared with the reports of autopsied 
cases of pulmonary stenosis with both septa 
closed, of the tetralogy of Fallot and of the 
Eisenmenger syndrome. 

Pulmonary stenosis with patent foramen 
ovale is characterized by chronic cyanosis, 
polycythemia and clubbing. In the degree 
of cyanosis it occupies an intermediate place 
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between the tetralogy of Fallot and the 
Eisenmenger syndrome. Pulmonary stenosis 
with closed septa is essentially a non- 
cyanotic lesion. 

On the basis of cyanosis, cases of pulmo- 
nary stenosis with and without patency of the 
foramen ovale are placed in different classes 
of congenital heart disease. Otherwise these 
two diseases are clinically and pathologically 
very similar and differ from the tetralogy of 
Fallot in important respects. 

The most distinctive feature of pulmonary 
stenosis with patent foramen ovale is the 
x-ray appearance of the cardiac shadow 
which is characterized by a poststenotic 
dilatation of the pulmonary artery and its 
branches. This again places the condition 
in an intermediate position between the 
small shadows of the pulmonary vessels in 
the tetralogy of Fallot and the very promi- 
nently dilated and congested pulmonary 
vessels of the Eisenmenger syndrome. 

Other clinical features and pathologic 
findings of this lesion are discussed and 
evidence is presented that it is a well defined 
clinical entity with enough distinctive fea- 
tures to make possible diagnosis during life. 
Next to the tetralogy of Fallot it is the most 
important congenital cardiac lesion in 
adults with chronic cyanosis, polycythemia 
and clubbing. 

Pulmonary stenosis with patent foramen 
ovale represents a conspicuous exception to 
the rule that cyanotic congenital heart 
disease with dilated pulmonary arteries is 
unsuitable for surgical relief. 
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E nlargement of the pulmonary artery 
may be associated with any one of 
J a variety of lesions, among which 
are interauricular septal defects, patency 
of the ductus arteriosus, mitral stenosis, 
chronic pulmonary disease, primary pul- 
monary arteriolar sclerosis and syphilis. 
Pure congenital pulmonary stenosis with 
poststenotic dilatation of the artery and 
idiopathic congenital dilatation of the 
pulmonary artery without stenosis are two of 
the less common causes of such enlargement. 

During the past two years seven cases of 
pulmonary artery enlargement have been 
studied in the cardio-pulmonary labora- 
tories of the Presbyterian Hospital and 
Bellevue Hospital. The clinical and physi- 
ologic diagnosis of pure pulmonary stenosis 
was made in three cases and of idiopathic 
dilatation of the pulmonary artery in four 
cases. One other case of pure pulmonary 
stenosis without a poststenotic dilatation ol 
the pulmonary artery was also observed. 
As no attempt was made in either labora- 
tory to make a special study of enlargement 
of the pulmonary artery the finding of these 
cases suggests that such congenital mal- 
formations are more common than hitherto 
suspected. 

The purpose of this paper is to review the 
literature on pure congenital pulmonary 
stenosis and on idiopathic congenital dila- 
tation of the pulmonary artery and to 


report the clinical and hemodynamic find- 
ings in four cases of each of these two 
conditions. 

pure congenital pulmonary stenosis 

Pulmonary stenosis is a common con- 
genital heart lesion and one which it 
compatible With survival to adult life. It is 
frequently associated with defects of the 
interventricular septum and dextroposition 
of the aorta at its origin, the familiar tetra- 
logy of Fallot. Pulmonary stenosis associated 
with an interauricular septal defect has been 
reported in a somewhat smaller group of 
cases. 2 Pure pulmonary stenosis, i.e., steno- 
sis unassociated with abnormal communi- 
cations between the greater and lesser 
circulation, is much rarer. In Maude 
Abbott’s statistical analysis of 1,000 cases 
of congenital heart disease 2 pulmonary 
stenosis associated with a septal defect was 
found 101 times while pure pulmonary 
stenosis was found only nine times. In 
Gibson and Clifton’s series of 1,950 autop- 
sies on children under thirteen there were 
two cases of pure pulmonary stenosis 08 in a 
total of just over one hundred cases of con- 
genital heart disease. Only sixty-eight 
examples of this condition proved by 
autopsy have been found in the literature. 

Table i summarizes the most important find- 
ings of these cases. In this series only those cases 
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Table i 

CHIEF CHARACTERISTICS OF SIXTY-EIGHT CASES OF PURE PULMONARY STENOSIS COLLECTED FROM T1IE 

LITERATURE 


Author 

Date 

Age 

Sex 

Edema 

Dyspnea 

Cyanosis 

u 

3 

s 

u 

3 

o 

to 

VJ 

Systolic Thrill 

Right Ventricular Hypertrophy 

Infundibular Stenosis 

Dilatation of Pulmonary Artery 

Pulmonary Tuberculosis 

Vegetative Endocarditis 

Cause of Death 

Philouze 100 

1826 


M 

+ 





+ 


4 

0 

0 

heart failure 

Cheltus’o 

1827 

26 

M 

+ 

4- 

+ 

4 


+ 


0 



heart failure 

Burnet 24 

1830 

7 

F 

+ 


+ 

+ 

+ 

+ 


0 



heart failure 

Elliotson 50 

1830 


F 

+ 

+ 


4 



4 

0 



heart failure 

Fallot 53 

1834 

63 

F 

+ 

+ 




+ 



0 

6 

heart failure 

CniveUhter** 

1 835-1842 








+ 


"> 




Carswell 26 

1838 








4 






Tiedemann 118 . . 

1843 

21 

M 

+ 

+ 

+ 

4 

+ 

4 





heart failure 

Craigie" 

1843 

44 

M 


4* 

+ 



4* 


+ 

4 


tuberculosis 

Dittrich 41 . 

1849 

20 

M 




4 


4 

4 

0 


5 


Ogle 91 

1853-1854 

14 

F 


4- 



0 

4 





heart failure 

Bencdikt et al. 15 . ... 

1854 

60 

F 

+ 

+ 


4 

+ 

4 





heart failure 

Cejka" 

1855 

30 

F 

+ 



4 

+ 

4 

4 




heart failure, stroke 

Bernard 13 

1856 

56 

F 

+ 

+ 

0 

4 


4 

4 





Peacock 97 .... 

1859 

23 

M 



0 

+ 


4 


4 

4 



d’HeiHy 40 . .. 

1864 

21 

M 


+ 


+ 







heart failure, endocarditis 

Peacock" . . . 

1866 

6 

F 

+ 

+ 

+ 



4 

4 


0 


scarlet fever 

Mevnet , ' s 

1867 

19 

F 


4* 



+ 

4 


4 

4- 


tuberculosis 

Paul" 96 

1871 

36 

M 

0 


0 








tuberculosis 

Solmon 110 

1872 

31 

M 






4 



4 


tuberculosis 

Budin” 

1873 

58 

F 

4 

+ 


+ 

4" 

4 



0 

0 

heart failure 

Taruffi 116 

1875 

21 

M 


+ 

+ 

+ 

+ 

4 



4 


tuberculosis 

Letouscy** 

1877 

24 

M 


+ 

0 



4 


0 

4 

0 

tuberculosis 

Duguet et al." 

1878 

24 

M 


+ 


+ 

4- 

4 

4 

4- 

4 

? 

tuberculosis 

Norman* 9 .... .... 

1878 

26 

M 



+ 



4 





sudden 

Peacock" 

1879 

13 

M 

+ 

+ 

4 

+ 


4 


4 

6 


? heart failure, ? peritonitis 

Havage 64 

1879 

44 

F 

+ 


+ 

+ 


4 

4 

4 

0 


heart failure 

Duguet 44 . . . . 

1882 

35 

F 




+ 

+ 

4 

4 

■+■ 

0 


nephritis 

Rinsema»02. 

1884 

34 

M 

+ 


0 

+ 

+ 

4 


0 

0 

6 

heart failure 

Flint 5 * ... 

1884 

19 

M 


0 

0 

+ 


4 





scarlet fever 

Ilebb" .... 

1890 

45 

M 

+ 



4 

+ 

4 





heart failure 

La Fitted 

1892 

21 

F 

+ 

4 

0 

4 

+ 

4 

4 

0 

4 

4 

vegetative endocarditis 

Chretien 32 . . . 

1893 

19 

M 



0 

4 


4 

4 

0 

0 


sudden 

Clarke”. . 

1893 

21 

F 


4 


+ 

+ 

4 




4 

vegetative endocarditis 

Ormerod". ... 

1893 

24 

M 



+ 

+ 


4 



4 


tuberculosis 

Baric” 

1895 

43 

F 




+ 

+ 

4 

4 

4 

4 


Addison’s disease 

Rosenthal 104 

1896 

16 

M 

4 

4 

4 

4 

+ 

4 


4 

0 


erysipelas 

Dresler 42 43 . . . 

1902-1904 

2 

F 

0 

0 

0 

+ 

+ 

4 


0 

0 

6 

cellulitis 

Leclerc et al." ... 

1903 

27 

F 


+ 

+ 

+ 

+ 

4 

4 

4 



heart failure 

Arnheim 5 ... 

1905 

5 

M 

+ 

4 

0 

+ 

+ 

4 


4 

4 

6 

heart failure 

Josserand 72 

1906 

22 

F 

+ 

+ 

+ 

+ 

0 

4 


4 



heart failure 

Genersich 57 

1907 

18 

M 


+ 


+ 

+ 

4 

4 

4 

4 


tuberculosis 

Dumas et al. 46 

1926 

23 

F 


0 

6 

+ 

4~ 

0 


4 

4 


tuberculosis 

Bishop et al. 14 

1929 

32 

F 

+ 

+ 

0 

+ 

mitral 

+ 


0 


4 

vegetative endocarditis 

Roesler et al. 103 . . . . 

1931 

46 

F 

+ 





4 




■> 


Arnett et al. 4 

1931 

33 

M 


4 

+ 

+ 


4 


0 

6 

6 

carcinoma 

Abbott 1 * 7 - 48 

1932 

12 

M 

+ 

4 

+ 

4 

+ 

4 

4 


0 

0 

heart failure 

Abbott 1 .... 

1932 


F 

+ 


0 



4 

4 

0 

0 

4 

vegetative endocarditis 

Hertz 67 

1932 

23 

M 


4 

+ 

+ 

+ 

4 


4 

4 

0 

ruptured appendix 

Ascarelli 6 ... 

1932 

70 

M 






4 


4 



cachexia 

Leech 84 

1935 

=91 = 


+ 



4 


4 





heart failure 

Brel” 

1936 

70 

M 

+ 


0 

4 


4 


4 

4 


heart failure 

Patino Mayer 9 * 

1936 

14 

M 

0 


4 

+ 

+ 

4 




4 

vegetative endocarditis 

Cabrera Calderln et al. 75 . . . 

1937 

11 

F 

+ 

+ 

+ 

4 

+ 

4 


4 

6 

4 

vegetative endocarditis 

Ash et al.7 . . .... 

1939 

‘Ms 




0 

4 

+ 

4 


4 




Bonamour et al. 16 ... 

1940 

75 

F 

4 

4 

4 

+ 







heart failure 

Blackford et al." 

1941 

23 

M 


4 

+ 

+ 

+ 

4 


4 

6 

0 


Garrison et al.** . 

1942 

16 

F 

0 

4 

4 

+ 

+ 

4 


0 

0 

? 

? vegetative endocarditis 

Currens et al. 37 

1945 














Case n . . . . 

1945 

M 2 

F 


0 

0 

4 


4 


4 

0 

0 

subdural hematoma 

Case iv ... . 


43 

F 


0 

+ 

4 


4 


0 

0 

0 

carcinoma, pellagra 

Case vi 


Ms 

F 


0 

4 

+ 

+ 

+ 


0 

0 

4 

osteomyelitis, septicemia 

Case vii 


9b 

M 


0 

4 

+ 

+ 

4 


0 

0 


septicemia 

Case viti 


16 

M 


+ 

4 

4 

+ 

.4 


0 

0 

6 

heart failure 

Case ix 


24 

F 


+ 

0 

+ 

+ 

4 


0 


0 

heart failure 

Case x . . . . 


34 

F 


4- 

0 

+ 

+ 

4 


0 

0 

0 

heart failure 

Freed et al.ss 

1946 

‘Me 

F 

4- 

0 

+ 

+ 

+ 



4 



heart failure 

Lowancc et al. 86 . . 

1948 

11 

F 

+ 

+ 

4 

+ 

+ 

4 


4 

6 

0 

heart failure 

Brock 20 . . ... 

1948 

20 

F 

4- 










operation • 


JANUARY, 1949 




26 


Congenital Heart Disease : — Greene el al. 


with anatomic confirmation have been col- 
lected, Both valvular and infundibular stenosis 
have been included. No cases with an abnormal 
communication between the pulmonary and 
systemic circulations have been used except 
when the foramen ovale has been described as a 
functionally closed slit. Most of the valvular 
lesions are clearly congenital in origin even 
though some of them were originally errone- 
ously described as acquired . 81,99 Cases in which 
vegetative endocarditis is superimposed on an 
apparently previously normal valve or in which 
the original valve is destroyed have been 
excluded . 89 One case studied with the catheter 
technic has been omitted because pressures 
were not recorded in the pulmonary artery and 
anatomic confirmation was lacking . 69 Two cases 
demonstrated by angiocardiography were also 
omitted for lack of pathologic verification . 113 

In the absence of such elaborate studies in- 
sistence upon anatomic confirmation is essen- 
tial, as Routier and Escalle 61,105 " 107 have 
recently demonstrated the inadequacy of the 
clinical diagnostic criteria of a typical pulmonic 
systolic murmur and thrill and roentgenologic 
evidence of pulmonary artery dilatation. Of 
the eighty-two cases they collected from the 
literature with this clinical picture only sixteen 
were found at autopsy to have pure congenital 
pulmonary stenosis. 

Pathologic Findings. Pathologically, pure pul- 
monary stenosis can be divided into those cases 
in which the stenosis is at the infundibular area 
of the right ventricle and those in which the 
stenosis is at the valve itself. 

In the first group the lesion results from an 
arrest of the normal process which ends in the 
incorporation of the bulbus cordis in the right 
ventricle as has been suggested by Keith . 73 The 
right ventricle is divided by a fibrous and 
muscular ridge into the main chamber and the 
infundibular portion leading to the pulmonary 
valve. This latter chamber may be dilated with 
thick muscular walls or may be a fairly narrow 
channel. The deformity is usually associated 
with an interventricular septal defect but seven- 
teen cases were found in which no such defect 
was present. Five of these showed valvular 
stenosis as well. 

In the second group with the stenosis only at 
the valve the deformity is strikingly similar in 
most of the cases. At the usual level of the 
pulmonary valve there is a diaphragm across 
the orifice, concave to the ventricle and project- 


ing into the root of the pulmonary artery. In 
the center is a small hole a few mm. in diameter. 
The lesion has been compared to a cupola, the 
uterine cervix or to a museau de lanchc. The outline 
of three semilunar valves can be seen in the 
diaphragm which appears as if it had been 
formed by the fusion of the edges of the three 
leaflets. The diaphragm may be fairly thin 
and pliable or may show some thickening and 
sclerotic changes. A smaller number of cases do 
not show the typical cupola but irregularly 
thickened and deformed leaflets, sometimes 
only two in number, with an irregular slit 
between them. 

Stenosis of either the infundibulum or the 
pulmonary' valve results in hypertrophy of the 
right ventricle which was a constant finding 
when mentioned, in all cases except that of 
Dumas and Pipard ’ 6 in which it was specifically 
mentioned as being absent. At the time of death, 
particularly with heart failure, the right ventri- 
cle may be dilated with resultant tricuspid in- 
sufficiency' and dilatation and hypertrophy of 
the right auricle. Sclerotic changes of the tri- 
cuspid valve are also frequently noted. 

The main pulmonary artery' beyond the 
stenotic valve may be normal in size but in 
about one-half of the cases it is dilated, some- 
times to twice the normal diameter or more. The 
cause of poststenotic dilatation is not clear. 
Defective formation of the wall of the pulmonary 
artery and trophic changes have been suggested 
but not demonstrated. Cavina 28 produced 
partial pulmonary stenosis in young rabbits by 
tying a suture around the vessel. At autopsy, 
after a period of growth, the right ventricle and 
the pulmonary artery beyond the ligature were 
found to be much larger than those of controls 
of the same age. This suggests a mechanical 
explanation, perhaps associated with turbulent 
flow. A poststenotic dilatation is sometimes seen 
in an analogous relation to aortic stenosis. - m 
lesions such as the tetralogy of Fallot significant 
dilatation of the pulmonary artery is not com- 
mon. Here the difference may' be in the amount 
of blood going through the stenotic valve. 

Clinical Findings. Frequently the only history 
given is that of the final illness, and the clinical 
histories are lacking in some of the cases. Of the 
sixty-four cases in which the sex of the patient 
is given thirty-three were females. The most 
common complaints were those of cardiac dys- 
function, edema, dyspnea, palpitations and 
cyanosis. Some patients, however, suffered no 
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difficulties from their lesion for many years. 
In a few it was an incidental finding in the 
course of an examination for some other con- 
dition, particularly tuberculosis. Other patients 
first noted difficulties with the onset of an 
associated bacterial endocarditis. Cyanosis was 
present in twenty-eight of the cases, was 
specifically mentioned as not being present in 
eighteen and in twenty-two others was not 
mentioned at all. A few of the cyanotic patients 
were blue from early life while in many others 
cyanosis was noted terminally, perhaps with 
the onset of congestive failure. One remarkable 
woman reported by Bonnamour and Dumarest 16 
first noted cyanosis at the age of forty. At sixty 
she began to have dependent edema and died 
of heart failure at the age of seventy-five. Arnett 
and Long 4 report one case of a thirty-three year 
old man in whom cyanosis first appeared two 
years before death. It was present in localized 
areas of the skin and not in the lips or fingernail 
beds. Arterial oxygen saturation was 94.6 per 
cent. They attributed the cyanosis in this man 
to stasis of blood in dilated minute- blood vessels 
of the skin. He died of carcinoma without ever 
showing evidence of cardiac failure. 

Clubbing of the digits was noted in only four 
cases and was specifically mentioned as absent 
in ten. Few blood counts are recorded but 
polycythemia was discovered in three patients 
and found to be absent in nine. 

Examination of the heart shows a systolic 
murmur which is almost always loudest in the 
second or third left interspace close to the 
sternal border. In most cases there is no appar- 
ent correlation between the location of the 
murmur and the presence of infundibular 
versus valvular stenosis. 63 It is usually loud and 
may obscure the pulmonic second sound. Propa- 
gation toward the inner half of the left clavicle 
and to the interscapular region is usual and has 
been observed up the vessels of the neck. Propa- 
gation to the axilla was noted only once. 84 
Occasionally the Valsalva maneuver results 
in decreased intensity of the murmur. The 
second pulmonic sound is usually not described 
but in nine patients it was softer than usual and 
in only two was it louder. A systolic thrill in 
the same area has been found in thirty-six cases. 
In a few cases a precordial bulge, especially 
in the pulmonic area, has been noted. 

Electrocardiograms were taken in fourteen 
instances and in eleven of them right axis 
deviation was noted. In two there was no axis 
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deviation and in one there was a right bundle 
branch block. Pi and P 2 , greater than 1 and 3 
mm., respectively as described by Alexander 
et al., 3 were sometimes observed. Of the twelve 
patients who were examined roentgenologically 
nine showed enlargement of the middle arc of 
20 , 


15. 


a 



0. 

0-10 11-20 21-30 31-40 41-50 51-GO 61-70 71-80 

Fig. 1. Age in years at death by decades of sixty-two 
cases of pure congenital pulmonary stenosis collected 
from the literature. Brock’s patient, who died at 
twenty, is not included. 

the left border of the cardiac silhouette in the 
postero-anterior position, thought to be due to 
enlargement of the pulmonary artery. In two of 
these the enlargement was slight. 

Of the sixty-three cases in which the age at 
death is reported the average length of life 
was twenty-six years. Figure 1 shows the age at 
death of this group by decades. Only seven of 
the patients reached the age of fifty; of these 
three lived to be seventy. It is thus apparent 
that the lesion is compatible with survival to 
adult life but that 89 per cent of the patients 
die before they reach fifty. Heart failure was the 
greatest single cause of death, accounting for at 
least twenty-six of the deaths in this series. 
Tuberculosis of the lungs was the cause of 
death in ten and bacterial endocarditis in eight. 
In six cases the cause of death could not be 
determined from the data given. 
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In the older literature the association of 
pulmonary tuberculosis and pulmonary stenosis 
was frequently emphasized. Grenct and Fran- 
cois- ]oly ,:0 attacked these early figures on the 
ground that the tuberculosis was not confirmed 
either radiologically or bacteriologically. Auber- 
tin 8 found a high incidence of family history of 
tuberculosis in a series of patients with both 
lesions. He quotes many opinions on the ques- 
tion, most of which support his view that the 
coincidence is fortuitous. Auerbach and Stem- 
merman 9 found thirteen cases of congenital 
heart disease in a tuberculosis institution. Of 
the seven autopsied cases all showed pulmonary 
stenosis but were also associated with other 
cardiac anomalies. A review of our scries of 
cases from the literature shows that most of the 
eighteen cases were from earlier reports at a 
time when tuberculosis was more common than 
it is now. 

Bacterial endocarditis definitely terminated 
the course of at least eight of the collected cases 
and was possibly present in four more. It did not 
differ from other cases of bacterial endocarditis 
of the right heart and embolic phenomena in 
the lungs were frequently present. 

The creation of an anastomosis of the 
Blalock-Taussig type would not be expected 
to help these patients. 117 Their difficulty is 
not inadequate pulmonary blood flow but 
rather an abnormal burden on the right 
ventricle. Valvulotomy in the cases in 
which the valve alone is involved would 
seem in theory to be the ideal operation. 
In the one reported case in which this has 
been tried 20 the patient was in poor condi- 
tion before surgery and died at operation 
before the valvulotomy could be performed. 
Three successful valvulotomies in patients 
with tetralogy of Fallot indicate, however, 
that the surgical approach to this area is 
perfectly feasible. 20 

PURE CONGENITAL DILATATION OF THE 
PULMONARY ARTERY 

Pathologic Criteria. The pathologic diag- 
nosis of pure congenital dilatation of the 
pulmonary artery is one which can be made 
only after various other associated lesions 
have been eliminated. Septal defects, mitral 
disease and patency of the ductus arteriosus 
are obvious lesions which are usually not 


overlooked. Other possible causes such as 
primary pulmonary arteriolar sclerosis and 
some forms of chronic pulmonary disease 
arc more difficult to eliminate, particularly 
in incomplete reports. With the usual 
technic of removal of the heart at autopsy, 
cutting across the pulmonary artery close 
to its origin, borderline degrees of dilata- 
tion may easily be missed. Therefore, no 
attempt has been made to exhaust the 
earlier literature which has been covered in 
several reviews. 17,3 ' 1,38 ' 66 Eight cases with 
autopsy confirmation have been selected 
from the literature of the last thirty years as 
satisfying the following criteria: (1) simple 
dilatation of the pulmonary trunk, with or 
without involvement of the rest of the 
arterial tree; (2) absence of abnormal intra- 
or cxtracardiac shunts; (3) absence of 
chronic cardiac or pulmonary disease, 
either clinically or at autopsy; (4) absence 
of arterial disease, such as syphilis or more 
than minimal atheromatosis or arteriolar 
sclerosis. 

Gold 50 has restricted the diagnosis of 
congenital dilatation of the pulmonary 
artery to cases in which there is concomitant 
hypoplasia of the aorta. If this is done, even 
fewer of these cases arc acceptable. It would 
seem, however, that exclusion of a con- 
genital dilatation of the pulmonary artery 
with an aorta of normal size puts too 
much emphasis on theoretical develop- 
mental grounds. We agree with Gold that 
the cases of Jennes, 71 Norris, 90 East 19 and 
of DeNavaqucz el a/. 30 are not clearly con- 
genital in origin. Gold’s own case was not 
included because of the extensive arteriolar 
changes described. A few cases have recently 
been diagnosed during life by the method 
of angiocardiography 61 ' n f but these have 
not been included. 

Clinical Findings. Reference to Table 11 
will show that in the selected cases there 
were six females and two males with a wide 
age distribution which included several 
patients of advanced years. Cyanosis was 
mentioned as being present three times and 
absent once. In the three cases in which 
the pulmonic second sound was described 
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it was normal once and accentuated twice. 
Aortic hypoplasia was present in three 
cases. In one patient the absence of right 
ventricular hypertrophy was specifically 
noted. There was one death from pul- 
monary tuberculosis while the two youngest 


29 

there were few or no subjective cardiac 
complaints. Two young girls complained 
of dyspnea on exertion but in each case 
this seemed to bear more relation to anxiety 
about their hearts than to any functional 
handicap and in each case it disappeared 


Table 11 

CHIEF CHARACTERISTICS OF EIGHT CASES OF IDIOPATHIC DILATATION OF THE PULMONARY ARTERY 


COLLECTED FROM THE LITERATURE 
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patients died of congestive heart failure. 
It is thus apparent that pure congenital 
dilatation of the pulmonary artery is com- 
patible with survival to middle or old age 
and that it may produce little functional 
difficulty. 

OBSERVATIONS IN EIGHT CASES 

The eight subjects of the present report 
were children or young adults referred to 
the cardio-pulmonary laboratories at Belle- 
vue Hospital or to the Presbyterian Hos- 
pital for study of congenital heart disease. 
Beside the usual history, physical examina- 
tion and electrocardiographic, x-ray and 
fluoroscopic examinations each patient was 
studied by the technic of venous catheteri- 
zation. Anatomic verification is available 
in Case v in which surgical exploration was 
carried out. As will be discussed later, how- 
ever, physiologic studies clearly confirm the 
diagnosis in each case. 

Clinical Findings. The histories of all 
eight patients were quite similar in that 
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with reassurance. There was no history in 
any case of dependent edema or of cyanosis. 

Examination showed a chest deformity 
in two patients. All eight patients had a 
systolic murmur in the pulmonic area and 
one had a pulmonic diastolic murmur as 
well. In four the second pulmonic sound 
was louder than normal and in one it was 
diminished. All but one patient showed a 
prominent pulmonary artery by x-ray. 
(Figs. 4 to 17.) There were two electro- 
cardiograms which showed right axis de- 
viation. The main findings are tabulated in 
Table in. The cases have been divided into 
two groups corresponding to the clinical 
diagnosis of pulmonary stenosis and pul- 
monary dilatation. This distinction is based 
essentially on the results of the physiologic 
studies. 

Physiologic Data. Hemodynamic studies 
were conducted in each patient using the 
method of cardiac catheterization. Samples 
of blood were obtained from the catheter 
and from an indwelling needle in a systemic 
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Fio. 2. Pressure tracingsin Case i. Note the low systolic pressure in the pulmonary artery (P.A.) and the high 
systolic pressure in the right ventricle (R.V.). 


artery and were analyzed by the method of 
Van Slyke and Neill. Expired air was col- 
lected in a Tissot gasometer and samples 
analyzed by the method of Haldane. Pres- 
sures were recorded optically with Hamilton 
manometers. The two youngest patients 
were studied under rectal avertin anesthesia. 

Three patients in this series performed a 
mild supine exercise after observations at 
rest had been made. Pressure readings 
were taken just before the exercise was 
started and intermittently during and after 


exercise. After two to five minutes, while 
exercise was continued, blood samples and 
gases were collected for the measurement 
of cardiac output. In Cases iv and vi the 
catheter tip was in the right auricle during 
the exercise and in Case vn it was in the 
pulmonary artery. 

RESULTS 

The results of the hemodynamic studies 
are shown in Tables iv and v. At rest the 
features common to all eight patients were: 


Table hi 


CLINICAL OBSERVATION'S. CROUP I: FOUR CASES OF PURE PULMONARY STENOSIS 
GROUP I! - . FOUR CASES OF IDIOPATHIC DILATATION OF THE PULMONARY ARTERY 
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* n = normal. 
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(1) constancy within 6 cc. per L. in the 
individual case of the values for oxygen 
content of the mixed venous blood samples 
obtained through the catheter in rapid 
succession with maintenance of a steady 
state, (2) normal arterial oxygen saturation, 


3 1 

pressure. In the other seven patients the 
right auricular mean pressure is normal. 

From the oxygen contents of the mixed 
venous bloods the presence of a left to right 
shunt can be eliminated. There is no evi- 
dence of contamination with oxygenated 


TABLE IV 

PHYSIOLOGIC OBSERVATIONS. GROUP I: FOUR CASES OF PURE PULMONARY STENOSIS 


GROUP II : FOUR CASES OF IDIOPATHIC DILATATION OF THE PULMONARY ARTERY 


! 

Case 

. 

Oxygen Content of Blood 
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Sat- 
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tion 

(7c) 

Cardiac 

Output 

(I../ 

min.) 

Cardiac 

Index 

(L./ 

min./ 

m 2 BS) 

Pressures 
(mm. Hg) 

SVC 

IVC 

RA 

i i 

RV | PA | AO 

, ! 

PA 

RV 

Mean 

RA 

AO 

Group I 

i 


.... 

112 

1 | 

112 j 114 : 152 

1 

t j 

95 

4.78 


15/4 

22/7 

32/17 

92/6 

1 

103/64 

n 

113 

135 

126 

120 ' 124 

172 

92 | 

l . ... . 

2.76 

23/10 

>60/12* 

8 

136/71 

m 

94 



97 

103 

129 j 94 1 . . 

| 

5 42 

23/13 

24/14 

59/4 

56/6 

5 

172/87 

,v 

139 

155 f 

152 

149 

155 

196 j 96 . . 

3.40 

3.70 

18/7 

24/7 

45/7 

48/7 

4 

135/76 

138/76 

Group II 

V 


.... 

117 

116 

116 

158 

98 


3.10 

4.10 

15/0 

33/1 

-3 

fl 

VI 

121 

136 

136 
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133 
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99 


3.90 

4.20 

17/4 

31/6 

28/3 

1 
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VII 
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96 
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121/71 

138/83 

via 

117 

103 

112 

115 

115 
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98 

3.10 


14/4 

15/7 

22/2 


106/60 


* Systolic pressure beyond the edge of the recording paper, exact height unknown, 
t At entrance of inferior vena cava into right auricle. 

+ Measured by auscultation in arm. 

SVG = superior vena cava; IVC = inferior vena cava; RA = right auricle; RV = right ventricle; PA = pul- 
monary artery; AO = systemic artery; m 2 BS = square meters body surface. 


(3) a significant difference between the 
right ventricular and pulmonary arterial 
systolic pressures. (Figs. 2 and 3.) In addi- 
tion it should be noted that Case ii shows 
evidence of congestive right heart failure 
as indicated by a high right ventricular 
diastolic pressure and right auricular mean 
JANUARY, 1949 


blood in any case. In cases i and v no vena 
caval samples were obtained but the low 
saturation of the mixed venous blood (less 
than 75 per cent) rules out a left to right 
shunt. The normal arterial oxygen satura- 
tion in each case eliminates a right to left 
shunt of any size. 
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Fig. 3. Pressure tracing taken as the catlietcr tip was withdrawn from the pulmonary artery into the right ventricle. 
Case viii. Note the low systolic pressure in the pulmonary artery and the higher hut normal systolic pressure in the 
right ventricle. 


During exercise there were no significant 
changes noted in the right auricular or 
pulmonary arterial pressures even though 
the blood flow increased significantly. All 
three patients showed an increase in the 
arteriovenous oxygen difference as well as 
an increased oxygen consumption. This 
is a normal response. 

Description of the individual eases fol- 
lows: 

CASE REPORTS 

Case t. D. D., an eight year old school girl, 
was seen at Bellevue Hospital because of a heart 
murmur which was discovered at the age of six 
years during her first school examination. She 
had developed normally and had no complaints 
except for occasional easy fatigability. 


Physical examination showed normal de- 
velopment; there was no clubbing or cyanosis 
and no dyspnea even after moderately severe 
exercise. The heart showed slight enlargement 
to the left. There was a coarse systolic thrill 
close to the sternum in the third left interspace. 
The first sound was accentuated at the apex. 
The second sound was normal in intensity over 
the aortic area but very faint over the pulmonic 
area. There was a loud coarse systolic murmur 
over the upper left prccordium which was 
loudest in the third left interspace at the sternal 
border and transmitted slightly upward to the 
left,. The blood pressure was 112/72 mm. Hg 
before exercise, 118/76 mm. Hg after exercise. 

Fluoroscopy and roentgenograms (Figs. 4, 5 
and 6) showed slight transverse enlargement of 
the heart, with the apex lifted above the dia- 
phragm. In the region of the pulmonary arc in 


table v 

PHYSIOLOGIC OBSERVATIONS IN ONE CASE OF PURE PULMONARY STENOSIS AND TWO CASES OF IDIOPATHIC 


DILATATION OF THE PULMONARY ARTERY RESPONSE TO SUPINE EXERCISE 
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O; Consump- 
tion 
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(cc./'L.) 

Stroke 

Volume 

(cc.) 

Cardiac 
Index 
(L./min./ 
m 5 BS) 

Right 
Auricular 
Mean 
Pressure 
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VII 

Rest 
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37 

58 
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13 


Rest 
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37 

60 

3.9 




Exercise 
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82 

55 

4.7 


14 
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Fig. 4. Roentgenogram of the patient’s chest in Case i. 
Fig. 5. Roentgenogram of the patient's chest in Case t. r 
with barium. 

Fig. 6. Roentgenogram of the patient’s chest in Case t. 
with barium. 

the postero-antcrior view there was a prominent 
rounded shadow which, however, showed very 
little pulsation: a slight concavity was present 
immediately below this shadow. In the right 
anterior oblique view there was some flattening 
in the region of the outflow area of the right 
ventricle while above this there was prominence 
of the pulmonary artery. In the left anterior 
oblique view moderate enlargement of the right 
ventricle was apparent. There was no increase 
in the vascular markings in the lung fields. 
The electrocardiogram showed slight right axis 
deviation. 

Case u. F. P., a twenty-two year old white 
male, was admitted to the chest service of 
Bellevue Hospital for thoracoplasty for right 
upper lobe tuberculosis of four years’ known 
duration. Heart disease had been discovered at 
ten years of age in elementary school, but the 
only symptom was easy fatigability on exertion. 
Cyanosis had never been noted. 

Physical examination showed a sternal depres- 
sion, with considerable forward bulging of the 
chest close to the sternum. Examination of the 
lungs showed signs of a right upper lobe cavity. 
The second pulmonic sound was louder than 
the second aortic sound but not markedly ac- 
centuated. There was a long, loud, harsh, 
systolic murmur over the third and fourth left 
intercostal spaces, poorly transmitted to the 
axilla. It was audible in the second left intcr- 
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postero-antcrior projection. 

ight anterior oblique projection. The esophagus is outlined 
left anterior oblique projection. The esophagus is outlined 

space but was not so loud. A systolic thrill was 
palpable over the lower left sternal border. 
Fluoroscopic and x-ray examinations (Figs. 7, 8 
and 9) showed an enlarged pulsating pulmonary 
artery and left main branch. The right pul- 
monary artery appeared small in size as did the 
aorta. No other vessels or heart chambers were 
abnormal in size. The electrocardiogram showed 
no axis deviation. 

Six months previously angiocardiography had 
been performed at another hospital. This was 
reported to show enlargement of the main 
pulmonary artery and its left branch. The 
diameter of the ascending aorta was less than 
that of the pulmonary artery. The descending 
aorta was half the diameter of the ascending 
aorta and appeared hypoplastic. There was no 
evidence of abnormal shunts. 

Case hi. S. S., a fifteen year old colored 
male who was admitted to Bellevue Hospital 
because of lobar pneumonia, had been told 
that he had had heart trouble since birth. He 
had no rheumatic history. His only cardiac 
complaint was mild dyspnea while playing 
basketball. Aside from the signs of pneumonia, 
the physical examination showed an audible 
but not accentuated pulmonic second sound. 
A systolic murmur was loudest over the mid- 
sternum but was transmitted along the clavicle 
and into the left interscapular region. It was 
accentuated during deep inspiration. Above 
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Fig. 7. Roentgenogram of the patient’s chest in Case n, postcro-antcrior projection. 

Fig. 8. Roentgenogram of the patient’s chest in Case n, right anterior oblique projection. 

Fig. 9. Roentgenogram of the patient’s chest in Case ii, left anterior oblique projection. 
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Fig. 10. Roentgenogram of the patient's chest in Case in; note the absence ol enlargement 
of the pulmonary artery. 

Fig. 11. Roentgenogram of the patient’s chest in Case iv. 


the right clavicle there was a systolic thrill. 
Fluoroscopy showed increased pulsations of the 
middle third of the left border of the heart and 
of the ascending aorta. There was questionable 
enlargement of the ventricles on x-ray ex- 
amination. (Fig. 10.) 

Case iv. H. W., a marine aged nineteen, 
was referred to the Presbyterian Hospital for 
cardiac catheterization to rule out a patent 
ductus arteriosus. A heart murmur had been 
noted in infancy but he had been told he would 
“outgrow it.” He had no complaints and his 


lesion had first been noted in a routine chest 
x-ray. (Fig. 11.) 

Physical examination of the heart was nega- 
tive except for a systolic murmur and thrill in 
the pulmonic area. The murmur was trans- 
mitted to the neck and to the interscapular 
region. The pulmonic second sound was not ac- 
centuated. The electrocardiogram was normal. 

The patient had previously been studied at 
another hospital where angiocardiography was 
reported to demonstrate a markedly dilated 
left pulmonary artery. The main pulmonary 
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Fui. 12. Roentgenogram ol the patient's chest in Case v. 
Ftts. 13. Rorntgenogram of the patient’s chest in Case vi. 


artery and right branch were of normal size. 
The cardiac chambers and aorta were normal 
in appearance. 

C.asi: v. E. I... a white salesgirl aged seven- 
teen, was referred to the Presbyterian Hospital 
for surgical correction of a patent ductus arterio- 
sus. Her activities had been limited because of 
"heart trouble.** but she herself had only minor 
subjective complaints of dyspnea on exertion 
and occasional mild pains in the region of the 
left breast. She was able to go to school and to 
work as a salesgirl. Physical examination 
showed a normal heart except for a loud blow- 
ing systolic murmur best heard in the pulmonic 
area, not well transmitted elsewhere. The pul- 
monic second sound was louder than the aortic 
second sound. The laboratory findings, includ- 
ing an electrocardiogram, were normal. Roent- 
genologic examination showed an enlargement 
in the region of the pulmonary artery. (Fig. 12.) 

In spite of the evidence against the presence 
of a patent ductus arteriosus obtained by 
catheterization, exploration was carried out. 
It was one of the earliest cases of suspected 
congenital heart disease studied by catheteriza- 
tion, and the value of the method had not yet 
been fully established. 

At operation the pulmonary' artery was found 
to he much dilated, and a thrill could be fell 
which seemed to originate in the region of the 
pulmonary valve. The ligamentum arteriosum 
showed no patent lumen. Convalescence was 
uneventful, and the patient was symptom-free 
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and well when last seen nineteen months after 
the operation. 

(Ask vi. H. T., a white school girl aged 
fourteen, was referred to the Presbyterian 
Hospital because of an unusual cardiac sil- 
houette discovered on routine x-ray examina- 
tions at school. A patent ductus arteriosus was 
suspected. She had no complaints. There was 
no history of cyanosis. Examination of the heart 
was normal except for a pulmonic systolic 
murmur which could be heard only after 
exercise. The pulmonic second sound was 
louder than the aortic second sound. The 
electrocardiogram was normal. X-ray showed 
an enlargement of the pulmonary artery. 
(Fig. 13.) 

Cask vti. L. S.. a thirteen year old white 
school girl, was referred to the Presbyterian 
Hospital with a possible case of patent ductus 
arteriosus. She had been well all her life, but 
on doctor's advice had refrained from games 
at the age of six. No reason was given for this 
restriction. Seven months before entry she 
noted slight exertional dyspnea, and after she 
was told by one doctor that she had rheumatic 
heart disease she complained of mild anterior 
chest pain. Immediately after this she began 
to have insomnia. These symptoms were com- 
pletely relieved by reassurance. There w f as no 
history of cyanosis. 

Physical examination showed an accentuated 
second sound in the pulmonic area and at the 
same point a systolic murmur and thrill. The 
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clubbing was present and no dyspnea after 
moderately severe exercise. The heart was 
slightly enlarged to the left at the apex, with an 
increase in width to the left at the base easily 
demonstrated by percussion. A systolic thrill was 
felt in the pulmonic area and the pulmonic 
second sound was very slightly accentuated. 
There was a loud, coarse systolic murmur heard 
best in the second left interspace, and an early 
less loud, blowing decrcscendo diastolic murmur 
heard best in the third left interspace. The blood 
pressure was 105/70 mm. Hg before exercise, 
112/75 mm. Hg after exercise. Fluoroscopy and 
x-ray examination of the heart showed a striking 
enlargement of the pulmonary artery and its 
left main branch; there was no enlargement of 
the other pulmonary vessels or “hilar dance.” 
The apex of the heart was rounded and slightly 
lifted. (Figs. 15, 16 and 17.) The electrocardio- 
gram showed slight right axis deviation and 
right bundle branch block. 

COMMENTS 

Normally the right ventricle and pul- 
monary artery arc in free communication 
throughout most of systole and therefore 
the systolic pressure is the same. In the 
patients herein reported there is a signifi- 
cant drop between the systolic pressure in 
the right ventricle and that in the pulmon- 
ary artery. This drop of pressure may be 



15 16 17 

Figs. 15, 16 and 17. Roentgenograms of the patient’s chest in Case vm; postero-anterior projection (Fig. 15); right 
anterior oblique projection (Fig. 16); left anterior oblique projection (Fig. 17). 
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Fig. 14. Roentgenogram of the patient’s chest 
in Case vn. 


murmur was heard well all over the precordium 
and was transmitted to the vessels of the neck 
and faintly to the back. Fluoroscopy and x-ray 
examination showed an enlarged pulmonary 
artery with prominent pulsations. (Fig. 14.) The 
electrocardiogram was normal. 

Case vm. J. P., a six year old girl, had been 
known since birth to have a heart murmur. She 
had developed normally but perhaps fatigued 
a little more easily than other children. Physical 
examination showed a funnel depression at the 
lower end of the sternum. No cyanosis or 
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related either to an organic pulmonary 
stenosis or to a simple dilatation of the 
pulmonary artery. In the first instance the 
presence of a narrow outlet causes hyper- 
tension in the right ventricle. In the second 
instance pressure is dissipated as the result 
of an abnormal deformability of the pul- 
monary artery and of its main branches 
due to dilatation and the thinness of the 
wall and because the flow at the site of the 
dilatation becomes turbulent. The systolic 
pressure in the right ventricle obviously 
should not be increased. 

These cases may therefore be divided 
into two groups on the basis of the systolic 
pressure in the right ventricle: 

Group i consists of pulmonary stenosis 
and group ix consists of idiopathic dilatation 
of the pulmonary artery. 

A mechanism suggested by Chisholm 31 
may indicate that a stenosis of a particular 
type is present in simple dilatation of the 
pulmonary artery. He pointed out that the 
structures of the pulmonary orifice are 
easily stretched and when this orifice en- 
larges with dilatation of the pulmonary 
artery, the tissue most resistant to stretching 
is the free edge of the semilunar cusps. 
Then these free edges, instead of being 
closely applied to the arterial wall as they 
normally are during systole, may make 
three cords across the orifice and thus im- 
pede the flow of blood. This process, which 
he calls trigonoidation, Chisholm advances 
as the cause of a basal systolic murmur in 
patients with dilated pulmonary arteries. 
It seems possible that in addition to pro- 
ducing a murmur the taut edges of the 
leaflets might act to produce a slight degree 
of relative stenosis. 

The grouping of these eight patients on 
the basis of pressure changes in the right 
ventricle corresponds to only one clinical 
sign. Three of the four patients in group t 
had normal pulmonic second sounds and 
in the fourth it was diminished in intensity. 
In group ii the pulmonic second sound was 
accentuated in all four cases. 

The results of the exercise are chiefly of 
interest in that they demonstrate the ability 
of the three patients tested to increase their 
January, 1949 
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cardiac output. This is particularly striking 
in Case iv in which the cardiac output was 
tripled. This illustrates very well the dif- 
ference between pure pulmonary stenosis 
and the tetralogy of Fallot. In the latter at 
rest there is a right to left shunt and a con- 
sequent diminution of flow through the 
pulmonary artery. As this shunt increases 
with exercise the deficit of pulmonary 
blood supply increases. Holman and Beck 70 
have demonstrated experimentally that 
pulmonary arterial stenosis is well toler- 
ated, causing less cardiac muscle hyper- 
trophy than a large interventricular shunt. 
In the clinical case with intact septa the 
entire output of the right heart goes to the 
lungs and as long as the right ventricle is 
able to overcome the obstruction to outflow 
no functional impairment results. 

SUMMARY 

1. Sixty-eight cases of pure congenital 
pulmonary stenosis without abnormal shunts, 
the diagnosis established at autopsy, have 
been collected from the literature and the 
chief clinical and anatomic features arc 
described. 

2. Eight cases of pure congenital dilata- 
tion of the pulmonary artery have been 
selected from the literature of the last thirty 
years as being unequivocal examples of that 
lesion and a summary of the clinical and 
anatomic features is given. 

3. Four additional examples of each of 
these lesions are reported. 

4. Hemodynamic studies of these eight 
patients demonstrate the absence of ab- 
normal shunts and the presence of a dif- 
ferential between the systolic pressure in 
the pulmonary artery and that in the right 
ventricle. 

5. A division of these patients into two 
groups on the basis of the pressure in the 
right ventricle and the intensity of the 
pulmonic second sound is proposed.* 

* Since this paper was submitted for publication, 
three cases of pure pulmonary stenosis diagnosed by 
means of cardiac catheterization have been reported. 
Pollack, A. A., Taylor, B. E., Odel, H. M. and 
Burchell, H. B. Pulmonary stenosis without septal 
defect. Proc. Staff Meet., Mato Clin., 23: 516, 1948. 
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A ureomycin is a new antibiotic de- 
L \ rived from a Streptomyces by 
X jL. Duggar of Lederle Laboratories. 1 
Preliminary studies 2 indicated that it was 
effective not only against a wide bacterial 
spectrum, both gram-positive and gram- 
negative, but also against rickettsial infec- 
tions in experimental animals. 3 In addition 
it was shown to exert a curative action on 
two experimental virus infections in mice, 
lymphogranuloma venereum and psittaco- 
sis. Moreover, acute and chronic toxicity 
studies in animals indicated that it would 
in all probability be suitable for administra- 
tion to human beings. 

Since these early studies a few reports 
have appeared of its clinical use in the treat- 
ment of infections in man. It appears to 
be highly effective in all types of rickettsial 
disease thus far studied 4 and also in lympho- 
granuloma venereum. 5 A few citations of 
its use in bacterial infections have also 
appeared. 4 To date no important toxic side 
effects have been described. 

We propose to report our experiences 
with this agent in the treatment of primary 
atypical (“virus”) pneumonia. Atypical 
pneumonia cannot be differentiated on 
purely clinical grounds from Q-fever or 
from human infection with the psittacosis- 
ornithosis group of viruses. Q-fever was 
known to be susceptible to aureomycin and 
there was reason to suppose from experi- 
mental studies 3 that psittacosis also would 
be susceptible. Because of its known anti- 
viral activity in these infections, aureomycin 
seemed worth a trial in primary atypical 


pneumonia. Therefore, in July, 1948, when 
one of us was called to see an extremely ill 
patient who presented the clinical features 
of atypical pneumonia, treatment with 
aureomycin was instituted. A small supply 
of aureomycin had been made available 
to us by Dr. Herald Cox of the Lederle 
Laboratories. 

Results in this patient, to be presented 
below, seemed sufficiently encouraging to 
warrant further trial. It is obvious that in 
treating a disease like atypical pneumonia, 
which is so variable and unpredictable in 
its course, conclusions must be drawn with 
the utmost caution. Nevertheless, as case 
has succeeded case the impression has 
deepened that following the administration 
of aureomycin a modification in the clinical 
severity of the disease takes place with 
regularity. For this reason it seems justified 
to publish the data on our first ten cases of 
atypical pneumonia treated with aureomy- 
cin in the hope that they will stimulate 
other studies along this line. 

SELECTION OF CASES 

The criteria we have established as to the 
selection of cases for treatment are as fol- 
lows: (1) The patient must present the 
familiar clinical features of cough, fever, 
pneumonitis, normal leukocyte count, nor- 
mal bacterial flora of sputum, etc., (2) the 
disease must have been unaffected by peni- 
cillin in full doses for at least forty-eight 
hours and (3) the patient must be getting 
worse at the time treatment is instituted. 
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Fig. 1. Case 1, chest x-ray taken on July 22nd, the day 
aureomycin treatment was started. Fairly extensive 
patchy infiltration of the right lung is evident. 


DOSAGE OF DRUG AND METHOD 
OF ADMINISTRATION 

Aureomycin hydrochloride may be in- 
jected parenterally by various routes but a 
wholly satisfactory vehicle has not yet been 
developed. The crystalline powder may be 
taken orally in capsules. When given in 
sufficient dosage by mouth, satisfactory 
blood levels are obtained and these arc 
ordinarily maintained for at least six hours. 
The dosage we have employed has been 
somewhat varied. We have usually started 
treatment at a level of 4 Gm. daily in six- 
hourly divided doses, and then reduced this 
gradually in the succeeding days. Of late 
we have given an initial dose of 1.5 Gm., 
followed by 1.0 Gm. every six hours. In 
general, we have maintained the drug until 
the temperature has been down several days 
and the patient is substantially improved. 

SIDE EFFECTS 

Two of the ten patients developed nausea 
which seemed clearly related to the aureo- 
mycin. Vomiting often occurred an hour 
to an hour and a half after a dose in these 
two patients. It was not believed that this 
interfered materially with absorption. One 
patient presented anemia during convales- 


cence. None of the other patients showed 
any serious untoward effects. 

CASE REPORTS 

Case i. (Patient of Dr. C. D. Dunham). A 
forty-scvcn-ycar-old white woman entered the 
hospital on July 17, 1948, with a five-day history 
of chilliness, malaise, cough, fever, pain in the 
chest, headache and hoarseness. She gave no 
history of exposure to infectious disease, animals 
or possible insect vectors. 

On admission she appeared acutely ill, but 
apart from a reddened pharynx the general 
physical examination was not remarkable. As 
shown in the accompanying graph the tem- 
perature was only 99.8°f. but rose promptly to 
102°f. Pulse rate at this time was 96 and in 
general tended to be somewhat low in propor- 
tion to the fever; respirations were 22. Chest 
x-ray was negative; the white blood count was 
8,650 with 64 per cent polymorphonuclears; 
urine was negative. Sputum was negative for 
acid-fast organisms and no significant pathogens 
could be cultivated. 

For the next twenty-four hours the fever 
remained fairly constant at this level but in the 
early hours of July 1 9th, following a chill, the 
temperature rose to 104 °f. At this time she 
appeared worse; there was severe paroxysmal 
cough, mostly unproductive, together with more 
malaise, weakness and headache. The leukocyte 
count at this time was essentially unchanged, 
blood culture was negative, and a repeat x-ray 
was interpreted as showing possibly a minimal 
pneumonitis at the right base. Her temperature 
fell on salicylates during the day but rose again 
and reached 105 °f. on July 21st. During the 
first four days in the hospital she was treated 
with intramuscular penicillin, 600,000 units a 
day. 

On July 22nd her condition appeared more 
serious. During the night she had been dis- 
oriented. She was prostrated and the cough was 
intermittently very severe. She appeared dys- 
pneic and crepitant rales were noted over the 
right lower lobe. As shown in Figure 1, an x-ray 
now revealed a fairly extensive patchy pneu- 
monitis on the right. The decision to treat with 
aureomycin was made in the afternoon and the 
first dose of 1.0 Gm. given at 5:00 p.m. 

As indicated in Figure 2 the temperature fell 
during the next day, rose during the night of 
the 23rd to 103 °f. and then fell again on the 
morning of the 24th to essentially normal levels. 
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With the exception of a minor elevation to 
100. 6°f. that afternoon it remained normal 
thereafter. 

It was noted that on the day following the 
start of treatment the patient appeared some- 
what stronger and better generally. By July 24th 


developed signs of an upper respiratory tract 
infection with nasal congestion and malaise. 
About thirty-six hours before admission a non- 
productive cough commenced, together with 
headache and a feeling of feverishness. Not long 
thereafter she had a shaking chill with a rise in 
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this improvement was striking. The headache 
had disappeared, cough was less distressing and 
there was considerable increase in strength and 
sense of well being. Convalescence thereafter 
was uneventful. Treatment with 4 Gm. daily of 
aureomycin was maintained for a total of seven 
days. X-ray (Fig. 3) on July 27th showed almost 
complete clearing of the pneumonitis. 

Serum specimens obtained at intervals during 
the acute illness and convalescence and tested 
for cold agglutinins were all negative. Comple- 
ment-fixation tests for Q-fever and psittacosis 
were inconclusive. Thus we had no serologic 
clue to the etiology of this patient’s disease. 
(Serologic tests for brucellosis, and the Weil- 
Felix and Widal tests were also negative.) Never- 
theless we believed that the most probable 
diagnosis was primary atypical pneumonia of 
the familiar type. 

The case was a rather severe one and all 
observers believed that aureomycin had an effect 
on its course, an effect, incidentally, similar in 
character to that described in Q-fever. The case 
has been reported in some detail because it was 
responsible for our subsequent trials of the 
antibiotic. 

Case ii. The patient was a twenty-four year 
old student nurse who entered Harkness Pavilion 
on August 2, 1948. Three days earlier she had 
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oral temperature to 102°f. At the time of admis- 
sion to the hospital she was acutely ill with a 
severe paroxysmal cough and a temperature of 
101.8°f. 

The physical examination revealed numerous 
moist rales over the base of the right lung 
posteriorly, and the chest x-ray showed mottled 
shadows in the region of the right lower lobe. 
The leukocyte count was 8,400 with a normal 
differential. No sputum could be obtained for 
bacteriologic examination but the throat culture 
was negativeTor respiratory pathogens. 

During the next three days the patient received 
penicillin, one million units every twenty-four 
hours. Despite this treatment the temperature 
mounted progressively to 103°f., the cough 
continued unabated, and the physical signs over 
the right lower lobe became more pronounced. 
Penicillin was therefore discontinued and aureo- 
mycin w r as started on the fourth hospital day 
in a dose of 1.0 Gm. every eight hours given by 
mouth. Over the next forty-eight hours the 
temperature fell to normal, the cough virtually 
ceased and the patient noted a marked increase 
in her sense of well being. By the end of the third 
day on aureomycin all symptoms had disap- 
peared with the exception of a slight residual 
cough. At this time the supply of the drug, 
became exhausted and treatment therefore had 
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Fig. 3. Case i. x-ray taken on July 27th, five days later. 
A remarkable degree of clearing has taken place. 


to be stopped. Twenty-four hours later the 
temperature rose again to 100.2°f. and con- 
tinued to fluctuate between 99° and 100°f. for 
the following week. Cough recurred and there 
was evidence by x-ray of extension of pulmonary 
involvement. No further treatment was given 
and the illness finally subsided uneventfully after 
about ten days. The cold agglutinin test was 
negative on admission. August 2nd, but was 
positive in a serum dilution of 1:64 on August 
21st. 

The character of the illness, the failure to 
respond to penicillin and the development of 
cold agglutinins indicate that the patient proba- 
bly suffered from primary' atypical pneumonia. 
The administration of aureomycin was followed 
by a prompt defervescence of clinical signs and 
symptoms suggesting a specific therapeutic 
response to the drug. The fact that the disease 
relapsed soon after the premature cessation of 
treatment supports this possibility. 

Case iii. The patient was a fourteen year old 
schoolboy who was attending a summer camp. 
On about July 15, 1948, he developed an acute 
pharyngitis with fever and a persistent hacking 
cough. The pharyngitis rapidly subsided but the 
fever and cough continued, and he was confined 
to the camp infirmary' for two weeks with an 
intermittent temperature ranging between 100° 
and 102°f, By the end of that time, however, all 
symptoms had subsided and he was discharged 
from the infirmary’ on July' 30th apparently 
recovered, but still running an afternoon tem- 
perature of 99° to 99.6°f. 


One week later, on August 6th, he again 
became acutely ill and his temperature rose to 
102°f. The following day he began to have a 
productive cough and complained of pain in the 
chest. On August 8th he was admitted to the 
hospital in Sharon, Connecticut, under the care 
of Dr. Graham B. Blaine, to whom we are 
indebted for permission to report the case. On 
entry' to the hospital an x-ray of the chest showed 
patchy pneumonic involvement of the right 
upper and middle lobes. The leukocyte count 
was 9,000 with a normal differential. The blood 
was negative for cold agglutinins. Culture of 
the sputum revealed no respiratory' pathogens. 
During the next four day's, on treatment with 
penicillin and sulfadiazine, the cough decreased, 
the temperature fell to normal and on August 
12th the x-ray r showed marked clearing. On the 
following day, however, the temperature again 
spiked to 103°f., cough became more severe and 
chest pain returned. X-rays showed an extensive 
area of new pulmonary' involvement in the 
region of the right lower lobe. Using doses of 
0.3 Gm. every’ eight hours by mouth, treatment 
with aureomycin was begun on August 15th. 
Thirty-six hours later the temperature was 
normal, the cough and chest pain had ceased 
and the patient appeared much improved. 
Aureomycin was continued for an additional 
five days and recovery' was uneventful. Another 
x-ray of the chest taken four days after the 
beginning of treatment with aureomycin showed 
almost complete resolution of the pneumonic 
process. A specimen of blood obtained during 
convalescence again was negative for cold 
agglutinins. 

This patient had a relapsing febrile illness 
with a migratory' type of pneumonitis, negative 
bactcriologic findings and absence of leukocy'to- 
sis. Treatment with penicillin and sulfadiazine 
was apparently' ineffective but the administra- 
tion. of aureomy'cin was followed by prompt 
defervescence of the disease. The diagnosis of 
primary' atypical pneumonia seems fairly' well 
established on clinical grounds, and it is known 
that cold agglutinins do not develop in about 
25 per cent of cases. In addition, complement 
fixation tests for psittacosis and Q-fever were 
negative with both acute and convalescent 
phase blood specimens. 

Case iv. The patient was a thirty-eight year 
old colored female who entered the Presby'terian 
Hospital on August 30, 1948. Four days before 
admission she developed a hacking cough with 
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whitish, mucoid sputum. The cough became 
progressively worse and was accompanied by 
malaise, headache and a sensation of fever. On 
admission the temperature was 104.2°f. and 
the patient appeared acutely ill with a severe 
hacking cough productive of frothy, pinkish 
sputum. 

The physical examination was essentially 
negative except for numerous moist rales over 
the right upper lobe. The white count was 
10,900, with 84 per cent polymorphonuclears. 
The sputum culture was negative for significant 
pathogens. The blood culture was sterile. Peni- 
cillin was given for the first two days in a dose 
of 100,000 units every three hours without any 
apparent effect upon the course of the illness. 
For the first thirty-six hours the temperature 
ranged between 102° and 104.4°f. By the end 
of the second day the temperature had fallen 
to 1 01 °F. but the patient still appeared ill, the 
cough was severe, and there were now signs of 
consolidation over the right upper lobe. Aureo- 
mycin was then started in a dose of 1 Gm. every 
eight hours. Eight hours after the first dose of 
aureomycin the patient appeared much better, 
the temperature had fallen to normal and the 
cough was less. 

This improvement continued throughout the 
succeeding day. It appeared that this clinical 
response had occurred too rapidly for it to be 
attributable directly to an effect of the aureo- 
mycin and, therefore, with the patient appar- 
ently recovering spontaneously, the drug was 
discontinued after three doses had been given. 
However, on the following day the patient’s 
temperature rose again to 100. 6°f. and con- 
tinued to fluctuate between 99° and 102°f. for 
the next seven days. During this period there 
was gradual improvement in symptoms and a 
decrease in extent of pulmonary involvement by 
physical and x-ray examination. The cold ag- 
glutinins, which had been negative on admis- 
sion, rose to 1 :256 nine days later. In retrospect 
it appears probable that the rapid improvement 
of the patient following the administration of 
aureomycin was actually due to the drug, 
especially since the initial therapeutic response 
was succeeded by a relapse of the disease soon 
after treatment was discontinued. The clinical 
pattern is similar to that of Case it in whom 
therapy was also stopped too soon. 

Case v. (Ward patient, Presbyterian Hos- 
pital.) A twenty-seven year old Puerto Rican 
male was admitted to the hospital on September 
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26th after thirty-six hours of chilly sensations, 
non-productive cough and aching pains. On 
entry his temperature was 103.4°f. and he 
appeared acutely ill. Apart from this, general 
physical examination was negative. However, 
the x-ray on admission showed some patchy 
pneumonitis in the left mid-lung area. His white 
count was 11,500 \Vith 74 per cent polymorpho- 
nuclears. He was started on intramuscular 
penicillin, 100,000 units every three hours. The 
initial sputum was injected into a mouse and a 
Type xi pneumococcus grew out next day. 
However, a second specimen two days later was 
negative for pneumococci. 

After forty-eight hours on large doses of 
penicillin he was worse and the temperature had 
risen to 105°f. X-ray showed some increase in 
the pneumonitis. At this time the penicillin was 
stopped and he was put on aureomycin. His 
fever declined by fairly rapid lysis, 'the tem- 
perature reaching and remaining normal forty- 
eight hours after commencement of therapy. 
(Fig. 4.) Within twenty-four hours, before the 
temperature was normal, there was a very 
striking subjective improvement, the patient 
stating he felt “like a brand new Buick.” Cold- 
agglutinins were negative on September 27th 
and 30th. On October 7th they had risen to a 
titer of 1 :1024. 

This was a young man with an illness of short 
duration at the time of treatment. Following 
anreomycin he made a very rapid recovery. 
There had been no clinical response to forty- 
eight hours of penicillin therapy. The appear- 
ance of cold agglutinins in very high titer leaves 
no doubt as to the diagnosis. 

Case vi. (Patient of Capt. Berte, Fort Totten 
General Hospital.) The patient was a twenty 
year old soldier who entered the hospital on 
September 27th with a two-day history of sore 
throat, tight cough and feverishness. On admis- 
sion his temperature was 102°f., pulse rate 120. 
The temperature curve is illustrated by the 
accompanying graph (Fig. 5) and during the 
course of his illness his pulse rate corresponded 
closely to the height of his fever. He was acutely 
ill with paroxysmal cough, and rales were noted 
at both the bases. The admission leukocyte 
count was 9,300; polymorphonuclears, 72 per 
cent. Sputum culture showed no pathogens. 
Urine was negative. X-ray showed a patchy 
pneumonitis, mainly in the right mid-lung 
area. 
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He was started on intramuscular penicillin, 

50,000 units every three hours. As can be seen 
from Figure 5, this treatment had no apparent 
effect on the fever. By October 1st he was dis- 
tinctly worse; his cough was almost incessant, 
more rales were audible over both bases and 


was some evidence of “Mediterranean Trait” 
(i.c., racial origin, palpable spleen tip, target 
cells, and decreased erythrocyte fragility). 
Wright et al. 6 described anemia occurring in 
some of their lymphogranuloma venereum 
patients treated with aureomycin parenterally 
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x-ray showed extension of the pneumonitis to 
the left lower lobe, with more involvement also 
on the right. That evening his temperature rose 
to its highest point, 103°f., and he was started 
on aureomycin with an initial dose of 1.5 Gm., 

1.0 Gm. every six hours to follow on the ensuing 
day. As can be seen from Figure 5 his tempera- 
ture fell, reaching and remaining normal forty- 
eight hours after therapy was instituted. At this 
time, although he still had considerable cough 
and many rales were still audible, there was 
evident general clinical improvement. He 
received a total of 10.5 Gm. of aureomycin over 
a four-day period and went on to satisfactory 
convalescence. During convalescence, however, 
he developed a mild anemia. The admission 
hemoglobin had been 1 3.0 Gm. with 4.85 million 
red cells. Two weeks later, hemoglobin was 
found to be 10.5 Gm. with 3.55 million red 
cells. Three weeks from this date the values rose 
to higher than the admission level. 

Cold agglutinins were negative during the 
acute phase of the disease but rose to 1:1024 
during convalescence. "Thus, the diagnosis seems 
established and improvement followed promptly 
the institution of aureomycin therapy after a 
penicillin failure. The significance of the anemia 
is not clear. In this particular patient, there 


but believed this was due to the vehicle rather 
than the drug. It has not been noted in other 
patients treated orally. 

Case vii. (Patient of Dr. H. Tarnower.) A 
forty year old white male with fever, cough and 
malaise, and signs of bilateral pneumonitis was 
treated at home for eleven days. On the seventh 
day of his illness a white count was 6,400, with 
56 per cent polymorphonuclears. During this 
period his fever ranged from 99° to 103°f., being 
mainly around 101 °f., and he had an inter- 
rupted course of intramuscular penicillin, 

300,000 units a day for five days, without effect. 
On October 1st, the eleventh day of the disease, 
he was admitted to the hospital. At this time his 
temperature was 101°f., pulse 84, respirations 
20. He appeared acutely but not gravely ill 
and had a paroxysmal cough. Sputum revealed 
no pathogens. A chest x-ray at this time showed 
a patchy pneumonitis in both lower lung fields, 
more marked on the left. Aureomycin treatment 
was begun immediately with an initial dose of 
1.5 Gm. to be followed by 1.0 Gm. ever)’’ six 
hours. 

The following day he appeared clinically 
improved and his temperature was a degree 
lower. It reached normal forty-eight hours after 
the commencement of therapy and cohvales- 
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ccnce was uneventful. On the third and fourth complexity and the difficulty of drawing any 
hospital days the daily dose of aureomycin was satisfactory conclusions from it. In brief, a 

reduced to 3 Gm. and then the drug was dis- fifty-four year old woman was first seen appar- 

continued. Cold agglutinins on October 2nd ently in extremis after sixteen days of pneumonia 
were positive in a titer of 1 : 1 28. Chest x-ray on which by this time involved both lungs exten- 

October 9th showed complete clearing of the sively. Cold agglutinins at this time were 1 : 512 

pneumonitis. so that the diagnosis seemed established; but 
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This was a rather indolent case of atypical as we had not yet treated anyone who had been 

pneumonia, proven by positive cold agglutinins, ill so long or was in such critical condition, 

which seemed to be getting slightly worse at the aureomycin was given with no very sanguine 

end of eleven days’ treatment with bed rest and hope of success. For the next sixteen hours her 

penicillin. Following institution of aureomycin condition worsened but then took a turn for the 

therapy rapid clearing of signs and symptoms better. Slight but definite improvement seemed 

look place. to be maintained for the ensuing forty hours 

Case viii. (Patient of Dr. M. Lipkin.) This at the end of which time her temperature was 

case will not be presented in detail owing to its down to 99.2°f. 

JANUARY, 1940 
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Fig. 7. Case ix, film of the chest taken on October 12th, the day treatment was started, shows a band-like density 
in the right lung, together with some patchy involvement. 

Fig. 8. Case ix, x-ray taken three days later; although temperature was down and clinical improvement had taken 
place, there is little change to be seen in the appearance of the lesion. Five days after this substantial clearing was 
noted by x-ray. 


Unfortunately, this was one of the two cases 
in which nausea and vomiting were a most un- 
pleasant concomitant of the drug. At this time 
while out of the oxygen tent for a fairly brief 
period, the patient went into anoxic collapse 
with pulmonary edema and apparently both 
cardiac and respiratory failure. For some hours 
the situation was desperate but she gradually 
rallied. Aureomycin was discontinued so as not 
to re-induce vomiting. For the next four days 
the problem was one of treating extreme pul- 
monary insufficiency. Then, on the fifth day 
following the collapse although her general 
condition was improved, her temperature began 
to rise and there was some clinical evidence of 
reactivation of the pneumonitis. Aureomycin 
was then started again; this time she tolerated 
the drug much better and over the ensuing three 
days her temperature fell and she improved 
once more. From this point on, recovery from 
the pneumonia progressed slowly but steadily 
although a complicating thrombophlebitis oc- 
curred in the right leg. Because of the compli- 
cated nature of the illness and the interruption 
in the course of aureomycin therapy, it is im- 
possible to assess the precise role of the drug in 
her ultimate recovery. 

Case ix. (Patient of Dr. H. B. Wilcox, Jr.) 
A forty-three year old white housewife with an 


old history of compensated rheumatic heart 
disease became ill with sore throat and malaise 
a week before hospital admission. For four days 
prior to admission she was under her physician’s 
care at home with temperatures ranging from 
101° to 105°f. (Fig. 6.) During this period she 
developed a racking cough and severe headache, 
and was treated with penicillin in large doses 
both intramuscularly and by inhalation, as well 
as with sulfadiazine, without relief. 

On admission she appeared acutely ill and 
prostrated. Her temperature was 104°f., pulse 
100, respirations 24. There were signs of mitral 
stenosis without evidence of failure. There was 
some percussion dullness noted over the right 
chest posteriorly, and slight change in breath 
sounds, without rales. X-ray revealed the dense, 
band-like shadow shown in Figure 7. The white 
blood count was 7,500; polymorphonuclears 
62 per cent; urine negative. Sputum showed no 
pathogens on culture, Streptococcus viridans 
predominating. She was started on aureomycin 
at 6 p.m. October 12th, 1.5 gm., 1.0 Gm. every 
six hours to follow. 

The next morning the 8 a.m. temperature was 
still elevated but the patient stated she felt con- 
siderably improved. Her fever declined to 
101.4°f. at noon, and then fell still further, 
reaching normal at 4 a.m. the third hospital day. 
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II remained normal for a day and then rose a 
little, hovering between 99° and 100°f. for the 
next week. This patient was the second in bur 
series to show nausea and vomiting with the 
drug. These symptoms were distressing to the 
patient but in all other respects she did ex- 


the whole period, however, he was receiving- 
intramuscular penicillin, 250,000 units twice a 
day in aqueous solution. This did not appear 
to influence the progress of the disease and no 
pneumococci were cultivated from the sputum 
obtained on hospital admission. 
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Fig. 9. Chart of Case x. 



tremely well. X-ray taken three days after 
admission showed very little change in the lesion 
in spite of her marked clinical improvement. 
(Fig. 8.) On October 19th, however, there was 
substantial clearing by X-ray. Cold agglutinins 
which were negative on admission rose to 1 : 256 
six days later. Thus there was no question as 
to the diagnosis and it was plain that a remark- 
able improvement took place after the adminis- 
tration of aureomycin. The drug was continued 
in varying dosage for one week. 

Case x. (Patient of Dr. Hamilton South- 
worth.) This patient, the youngest in our series, 
was an eleven year old white school boy weigh- 
ing 80 pounds. He became acutely ill on October 
8th with malaise, headache and a fever of 103°f. 
The next day he began to cough and signs of 
pneumonia appeared at the extreme left base. 
By October 11th these had progressed to signs 
of tight consolidation on the left lower lobe. 
The next day he appeared more toxic and there 
was evidence of extension of the left upper lobe. 
The temperature curve during the six days of 
treatment at home before hospital admission is 
shown in Figure 9. 

On October 9th the white count was 9,080 
with 59 per cent polymorphonuclears. On the 
12th it was 11,300, with 69 per cent poly- 
morphonuclears, and sputum obtained on this 
day grew out a type vi pneumococcus. During 


He was admitted at noon on October 13th. 
Examination disclosed an acutely ill boy, 
coughing and quite cyanotic. There were signs 
of dense consolidation of the left upper lobe. 
Over the lower lobe posteriorly the breath 
sounds were bronchovesicular, with abundant 
redux crepitus. There was no detectable dis- 
placement of the mediastinal structures. His 
temperature on admission was 102.2°f. After 
x-ray he was immediately given 0.8 Gm. of 
aureomycin and placed in oxygen. 

His admission white count was 8,760 with 
75 per cent polymorphonuclears. X-ray (Fig. 10) 
showed a complete density occupying the left 
lung field. From a radiologic point of view there 
was some indication of atelectasis but the physi- 
cal findings were those of consolidation. 

As indicated in Figure 9, his temperature fell 
promptly, reaching normal in twelve hours, 
where it remained thereafter. There was rapid 
defervescence of the physical signs of pneumonia 
and a striking relief of all symptoms. He was 
maintained on aureomycin for five days, dosage 
being scaled down from 0.6 Gm. every six 
hours to 0.3 Gm. (his body weight being about 
80 pounds). Repeat x-ray, five days after admis- 
sion, showed complete clearing of the lesion. 
(Fig. 11.) Cold agglutinins which were negative 
on October 14th rose to 1:128 four days later, 
the eleventh day of disease. 
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Fig. 10. Case x, x-ray taken on October 14th shows massive involvement of left lung. 
Fig. 11. Case x, five days later the lesion has disappeared. 


It may be objected that the x-ray and physical 
signs in this case were most unusual for atypical 
pneumonia. Moreover, a type vi pneumococcus 
was isolated from the sputum on one occasion. 
On the other hand, lobar densities have been 
described in atypical pneumonia and wc believe 
that the low white count, the failure to respond 
to penicillin in adequate dosage and the sharp 
rise in titer of cold agglutinins establish the 
diagnosis. 

SUMMARY AND CONCLUSIONS 

1. Ten patients with what we believe to 
be atypical (“virus”) pneumonia have been 
treated with aureomycin orally. Of these 
eight showed the development of cold 
agglutinins at the expected period in the 
disease. 

2. In nine patients the temperature be- 
came normal twelve to forty-eight hours 
after the drug was first administered, with 
corresponding improvement in their general 
condition. In two of these treatment was 
discontinued at this time, and what ap- 
peared to be a recrudescence of the disease 
took place. In the other seven cases treat- 
ment was maintained and uneventful re- 
covery ensued. 


3. One patient, a fifty-four year old 
woman who appeared in extremis at the 
time treatment was initiated, ultimately 
recovered but wc do not feel justified in 
drawing any conclusions as to the effect of 
the drug in her case. 

4. No important toxic side effects of the 
aureomycin were noted. 

5. The data submitted in this report sug- 
gest that aureomycin may have an antiviral 
effect against the agent which causes 
atypical pneumonia in man.* 
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T he characteristic manifestations of 
pheochromocytoma are paroxysms 
of hypertension accompanied by 
headache, palpitation, perspiration, nausea 
and occasional vomiting. In exceptional 
cases persistent hypertension has been ob- 
served. Occasionally paroxysmal hypergly- 
cemia and glycosuria also have been found. 
All these signs and symptoms of the disease 
have disappeared in successfully operated 
cases, even in those in which the clinical 
picture resembled that of malignant hyper- 
tension. Persistent hyperglycemia and gly- 
cosuria associated with pheochromocytoma 
which disappeared after operation has been 
described by Duncan et al . 1 and by Green . 2 

The present report is concerned with two 
cases of pheochromocytoma, in one of which 
paroxysmal hypertension and paroxysmal 
glycosuria were notable features while in 
the other paroxysmal hypertension and 
persistent diabetes existed. In both, disap- 
pearance of all signs and symptoms followed 
removal of the tumor. 

CASE REPORTS 

Case i. J. J., a forty-one year merchant, was 
admitted to the Hadassah Hospital on April 4, 
1946, complaining of attacks of headache, 
pain in the precordial region, palpitation, 
dizziness and profuse perspiration. At the age of 
twenty-four he contracted syphilis and was 
treated with salvarsan. Subsequently, repeated 
blood examinations for lues were negative. In 
1941 his blood pressure was found to be 160/90 


mm. Hg. In the same year he suffered an attack 
of anginal pain; the blood pressure at that 
time was 160/100 mm. Hg. The same blood 
pressure was noted again in May, 1945. In June, 

1 945 he had a severe attack of pain in the chest, 
radiating to the left arm, accompanied by per- 
spiration, dizziness and palpitation. He was ad- 
mitted to a hospital where the diagnosis of 
myocardial infarction was made and which was 
confirmed by electrocardiographic examination. 
During his three months’ stay in that hospital 
he had repeated attacks of cardiac pain with 
headache and perspiration during which sys- 
tolic blood pressure readings of 200 mm. Hg 
were registered; after the attacks the blood pres- 
sure returned to normal. In October, 1945 he 
was transferred to another hospital where he 
was confined to bed for about five months with 
complaints of anginal pain, headache, sleepless- 
ness and constipation. He also had frequent 
attacks of severe headache with tinnitus, dizzi- 
ness and profuse perspiration accompanied by 
waves of heat in the face. The blood pressure 
fluctuated between normal levels and 200/130 
mm. Hg during the attacks. The urine contained 
a small amount of albumin, sugar up to 5.7 per 
cent and occasional traces of acetone. The blood 
sugar was elevated, the highest values being 400 
mg. per cent; 40 to 80 units of regular insulin 
were needed to control the diabetes. On the 
basis of these findings a tentative diagnosis of 
tumor of the adrenal medulla was made but 
kidney x-rays were not confirmatory. After 
leaving the hospital his condition grew worse 
and he was admitted to our hospital in April, 

1946 because of aggravation of his diabetic 
condition. 
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On admission the nutritional state was found 
to be poor. The patient was restless, perspired 
profusely and had an acetone breath. The color 
of his face was strikingly red, there was no peri- 
pheral edema and no abnormal pigmentation ol 
the skin. The pulse was 100 and regular. The 
heart was found slightly enlarged to the left; 
there were no signs of congestive failure. Exami- 
nation of the abdomen was negative. The 
blood pressure w.-iS 200/140 mm. Hg. The urine 
contained a moderate amount of albumin and a 
large quantity of sugar and acetone. The blood 
sugar was 400 mg. per cent. The patient was 
given 100 units of regular insulin during the 
first twenty-four hours, after which the ace- 
tonuria disappeared and the blood sugar came 
down to 260 mg. per 100 cc. 

During his stay in the hospital the patient 
complained of weakness, severe headache and 
dull precordial pain, palpitation, dizziness, 
bursting headache, tinnitus and severe per- 
spiration. The blood pressure showed marked 
fluctuations. The slightest excitement, even 
application of the blood pressure cuff, would 
provoke a rise in blood pressure up to levels of 
200/140 at which it sometimes remained a 
few minutes only to fall suddenly to very low 
levels (80/60 mm. Hg). Profuse perspiration 
appeared constantly whenever the blood pres- 
sure fell. The paroxysms appeared quite irregu- 
larly. Occasionally they appeared repeatedly 
during a single day, at other times there were 
intervals when there were no particular sub- 
jective complaints and the blood pressure was 
constantly normal. 

Fasting blood sugar values varied from 120 to 
260 mg. per cent. Following admission, on a 
diet containing 120 Gm. of carbohydrate, 60 to 
90 Gm. of sugar were excreted daily. On 80 
units of insulin daily, glucose tolerance was im- 
proved and the diabetes was controlled; the 
carbohydrate intake was increased to 200 Gm. 
a day. Frequent blood sugar determinations 
during the paroxysms of hypertension revealed 
values varying from 130 to 230 mg. per cent. 
In paroxysm-free intervals of several days’ dur- 
ation the severity of the diabetes did not change 
and the same amount of insulin had to be given. 

Other laboratory findings revealed the fol- 
lowing: Blood: hemoglobin, 15.5 Gm. per cent; 
red cells, 5,250,000 to 5,900,000/mm.; 3 packed 
red cell volume, 43 to 52 per cent; leukocytes, 
12,000 to 15,600/mm. 3 Sedimentation rate, 
17 hours (Linzenmeier’s method). Blood urea, 


28 mg. per cent; cholesterol, 450 mg. per cent. 
Kidney function: urea-clearance, 55 per cent 
(standard clearance test of van Slyke). Eye 
fundi: narrowing of the arteries, fluctuations in 
caliber; increased light reflex, arteriovenous 
compression, hemorrhages. Electrocardiogram: 
left axis deviation; Tj and T 2 isoelectric; T 3 
slightly positive, T 4 negative. 

The unusual fluctuations of blood pressure, 
attacks of perspiration, the throbbing headache 
and palpitation and the disturbance in the car- 
bohydrate metabolism were compatible with 
the diagnosis of tumor of the suprarenal medulla. 
The following procedures were undertaken to 
verify the 'diagnosis: Pressure on the loins: the 
effect was' not conclusive; there was a rise in 
blood pressure from 110/80 to 160/115 mm. 
Hg, but it occurred after pressure on the right 
as well as on the left side. Cold pressor test: the 
blood pressure rose from 130/100 to 220/150 
mm. Hg. • 

Histamine test (Roth and Kvale): 3 after the 
intravenous injection of 0.075 mg. of histamine 
hydrochloride the blood pressure rose from 
130/100 to 250/170 mm. Hg, lasted ten minutes 
and, at the same time, the patient experienced 
the complaints usually felt during the paroxysms, 
even to an increased degree. 

X-rays of the kidneys: after intravenous pyelo- 
graphy both kidneys appeared normal in posi- 
tion and size. The pelvis and calices were not 
distorted and no shadows were seen in the supra- 
renal region. Planigraphy revealed a normal 
left kidney; the upper border of the right kidney 
was not sharply visualized in the various sections. 

Because of the latter finding and the fact that 
tumors of the adrenal medulla occur more fre- 
quently on the right side than on the left, the 
right side was explored on May 13, 1946, by 
Professor F. Mandl. A tumor of tangerine size 
was found in the region of the right adrenal 
gland and removed. 

The following observations were made during 
and immediately after the operation: With the 
institution of ether anesthesia, the blood pres- 
sure rose from 130/100 to 200/150 mm. Hg. 
Manual pressure on the tumor in situ raised the 
blood- pressure to 250/160 mm. Hg. Later, at 
the time of ligation of the blood vessels, it rose 
to 300/190. Immediately after removal of the 
tumor the blood pressure fell to 120/90 and then 
to 95/80. After 0.25 mg. of epinephrine intraven- 
ously and two ampules of supracort intramuscu- 
larly the blood pressure rose to 170/130 for a 

AMERICAN JOURNAL OF MEDICINE 

y 



Pheochromocytoma — de Vries et al. 


few minutes and then came down to 115/90. 
Ten minutes after the operation the patient sud- 
denly went into shock and the blood pressure 
fell to zero; 0.05 Gm. of ephedrine administered 
intravenously raised the blood pressure to 
100/75. During the day of the operation an 
intravenous infusion of saline and isotonic 
glucose was instituted with a total amount of 
0.6 Gm. ephedrine. In addition four ampules of 
supracort were given intramuscularly. The 
blood pressure was stabilized at 110/80. 

Together with the glucose, insulin was ad- 
ministered during the day of the operation and 
the day after in a total amount of 90 units. 
During this period the blood sugar fluctuated 
between 150 to 230 mg. per cent and then 
became normal at which point it remained 
while the patient was on a normal diet without 
insulin. 

The pathologic report disclosed the following: 
Macroscopic examination revealed that the 
specimen consisted of a rounded, slightly 
elongated body about 3 by 4 by 6 cm. in size 
and 30 Gm. in weight. In its greater part it was 
covered by a thin, transparent, fibrous capsule. 
In one place the capsule was torn and a friable 
mass of brown-reddish color protruded from un- 
derneath. The intact surface of the specimen 
was studded with nodular elevations of variable 
size. Cut surface revealed the greatest part of 
the specimen to be composed of the same friable 
and disintegrated mass just mentioned which 
could be removed with ease, thus leaving a large 
cystic space. The remaining tissue was a uni- 
formly dark reddish-brown color. At one pole 
of the specimen there was a portion of bright 
yellow tissue which could be easily separated; it 
presented the aspect of a round normal adrenal 
cortex but on cross section no typical medulla 
could be detected. 

Microscopic examination showed that the 
tissue in the solid portion of the tumor was com- 
posed of large epithelium-like cells which lay 
within a stroma consisting of thin-walled blood 
vessels and capillaries and only sparse argen- 
tophile fibers which extended from the adventi- 
tia of some of these vessels. The large cells 
formed densely packed sheets and adjacent to 
some blood vessels they were found in palisade 
arrangement converging toward the vessel. 
The cells were fairly uniform with a clear ec- 
centric nucleus. The cytoplasm was palely 
eosinophilic and granular. There were scattered 
foci of necrosis which contained scattered 
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nuclear fragments. In the vicinity of the cystic 
interior of the tumor such necrotic foci were 
fused together over wide areas. Sections of 
material after fixation in Mueller’s fluid: a 
diffuse brown stain was prominent in the 
necrotic areas in the wall of blood vessels and 
in the cytoplasm of a great number of large 
vacuolated cells. A section from the adrenal 
gland adjacent to but separated from the tumor 
showed the cortex to be regularly built with 
extensive hemorrhage in the reticulate zone. 
In place of the medulla chromafhne cells could 
be distinguished with certainty. There were a 
number of small round cells with dark nuclei; 
the central vein was thin-walled in all sections, 
an isolated bundle of nerve fibers was also seen. 

Histological diagnosis: Chromaffine tumor of 
adrenal medulla. 

The adrenalin content of the tumor was 
determined as follows: A sample of the tumor 
was extracted with 10 per cent trichloroacetic 
acid about twenty minutes after extirpation and 
aliquot portions of the extract were analyzed 
by the chemical photometric method of Barker 
et al. 4 The value obtained, 13 mg. per Gm. 
tissue, appeared so high that it was decided to 
repeat the analyses by a biologic method in 
view of some uncertainty concerning the 
specificity of the chemical method. In a prelimi- 
nary experiment the presence of a highly active 
pressor substance in the extract was confirmed 
by the rise in blood pressure of a rabbit in ure- 
thane narcosis after intravenous injection of an 
amount of the extract corresponding to about 
0.22 mg. adrenalin (calculated from the chem- 
ical determination). The quantitative assay was 
carried out on the isolated intestine 5 using rat 
ileum instead of the rabbit ileum of the original 
method. By comparison with an adrenalin 
standard the content of the tumor was calcu- 
lated to be about 7 mg. per Gm., i.e., about 
one-half that obtained by the chemical method. 
The total adrenalin content of the tumor weigh- 
ing 30 Gm. was between 210 to 390 mg. as 
compared with 3 to 9 mg. of adrenalin in normal 
human adrenals. The identity of the active sub- 
stance in the extract was confirmed by the 
abolition of its action on the intestine by 
previous addition of ergotoxin. Ergotoxin, 1 00y, 
abolished the relaxing effect of ly of adrenalin 
on the isolated rat intestine in a 50 cc. bath. 
Postoperative complications were pneumothorax 
on the right side which required removal of air 
by puncture once, thrombophlebitis of the left leg 
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and three pulmonary infarctions, twice in the 
left and once in the right lung. The effects of the 
operation on the manifestations of the disease 
are summarized in Table i. 

Comment. This patient was a man of 
forty-one suffering from attacks of headache, 


addition severe persistent diabetes was 
present which required 80 units of regular 
insulin. The diagnosis of tumor of the 
adrenal medulla was made and confirmed 
by operation. After removal of the tumor 
the diabetes and paroxysmal hypertension 


Table i 


Gas” i 

Before Operation 

After Operation 

Blood pressure: mm. Hg 



Spontaneous variations 

80/60-200/140 

110/80-135/90 

Cold pressor test 

220/150 

170/140 

Histamine test (0.075 mg. histamine 



hydrochloride intravenously) 

250/170 


Ocular fundi 

Narrow arteries, fluctuations in cali- 

Slight eonstriction of arterioles; in 


ber, increased reflexes artcrioven- 

some places irregularity of caliber 


ous compression, hemorrhages; a 
large hemorrhage near the disc 


Kidney: 



Urine: albumin 

1 + 

Negative 

Function: urea clearance. . .... 

55 per cent 

60 per cent 

(standard) 

Electrocardiogram 

T, and Tj isoelectric; T 3 slightly 

1)4 months after operation: higher 


positive; Ti negative ( 

voltage than before; Ti isoelectric, 


T» slightly positive; 2)4 months 
after operation: higher Ti slightly 
positive; T;, T 3 and T< positive 

Blood: 



Hemoglobin 

15.5 Gm. per cent 

13.2 Gm. per cent 

Hematocrit 

43-52 per cent 

39 per cent 

Red cell count. 

5.25-5.90 millions/mm . 3 

4.0 millions/mm . 3 

White cell count 

■12,000-1 5,600/mm. 3 

7,000/mm . 3 

Sedimentation rate 

17 hr. 

3*4 hr. 

(Linzenmeier) 



Blood sugar tolerance curve 

Ingestion of 60 Gm. glucose 


Fasting: 73 mg. per cent 
) 4 hr. after ingestion 126 mg. percent 

1 hr. after ingestion 156 mg. per cent 

1 )4 hr. after ingestion 1 29 mg. per cent 
2 hr. after ingestion 92 mg. per cent 
2)4 hr. after ingestion 66 mg. percent 

Effect of 0.5 mg. epinephrine subcutane- 


initial level 130/90 mm. Hg 

ouslv on blood pressure 


Blood sugar 


1-2 min. after injection 140/100 
mm. Hg 

4 min. after injection 125/90 mm. 
H g 

initial level 87 mg. per cent 

1 5 min. after injection 83 mg. per cent 
30 min. after injection 98 mg. per cent 
50 min. after injection 1 1 9 mg. percent 
70 min. after injection 1 38 mg. percent 
90 min.'after injection 1 28 mg. percent 




chest pain, palpitation, perspiration, dizzi- 
ness and tinnitus. There were frequent 
paroxysms of hypertension, the blood pres- 
sure between the attacks being normal. In 


disappeared. Histologic examination showed 
a chromaffine tumor of the adrenal medulla 
which weighed 30 Gm. and contained 
7 mg. of adrenalin per Gm. of wet tissue. 
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Case ji. . R. S., a thirty-three year old man 
whose case was reported in detail elsewhere, 0 
presented the following clinical features: the 
first symptoms referable to the disease, consisting 
of attacks of perspiration, started seven years 
before it was recognized. During the six months 
prior to the operation attacks of hypertension 
were observed, the blood pressure rising some- 
times to 250/180 mm. Hg. The clinical picture 
resembled that of malignant hypertension with 
diffuse, severe vascular changes; the ocular 
fundi showed the findings typical of hypertensive 
neuroretinopathy: papilledema, constricted ar- 
terioles, with arteriovenous compression, mul- 
tiple retinal hemorrhages and exudates. The 
heart was markedly enlarged to the left; the 
electrocardiogram showed evidence of myo- 
cardial damage and coronary artery disease. 
During the attacks paroxysms of cardiac asthma 
and pulmonary edema occurred repeatedly. 
There was also evidence of renal involvement, 
manifested by albuminuria, reduced concen- 
tration capacity and lowered urea clearance test 
(47 per cent standard clearance). The urine 
occasionally contained small amounts of sugar. 
The blood sugar level fluctuated from normal 
to increased values (300 mg. per cent) obtained 
during the paroxysms of hypertension. How- 
ever, once a blood sugar value of 218 mg. per 
cent was found when the blood pressure was 
normal. Blood cholesterol was 400 mg. per cent. 

A tangerine-sized tumor, removed from the 
right adrenal region, showed histologically the 
characteristic features of pheochromocytoma. 
The adrenalin content of this tumor which 
weighed 95 Gm. was 2 mg. per Gm. wet tissue. 

Following operation, the paroxysms of hyper- 
tension disappeared together with the signs of 
heart failure. The fundal changes regressed 
rapidly and the papilledema disappeared com- 
pletely within one month of the operation. At 
the same time the hemorrhages were resorbed. 
Narrowing of the retinal arteries has persisted 
for over one and one-half years. There has been 
marked improvement in the kidney function. 
Six months after the operation the concentration 
capacity was normal and the urea clearance rose 
from 47 to 72 per cent. The albuminuria dis- 
appeared. The glycosuria and hyperglycemia 
disappeared completely immediately after the 
operation and the blood sugar tolerance curve 
showed normal values five weeks after the oper- 
ation. The blood cholesterol concentration 
became normal. 
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Comment. This thirty-three year old male 
suffered from attacks of perspiration, head- 
ache, palpitation, severe dyspnea and 
paroxysmal hypertension. Severe visual dis- 
turbance was present and the ocular fundi 
showed the findings typical of malignant 
hypertension. Hyperglycemia and glyco- 
suria occurred, generally coincident with 
the paroxysms of hypertension. Removal of 
a tumor of the right adrenal medulla re- 
sulted in almost complete restoration to 
normal. 

COMMENTS 

In the second case the clinical signs were 
more characteristic than in the first. Both 
the hypertension and hyperglycemia were 
paroxysmal in nature. Although there was 
no strict relationship between the height of 
the hypertension and blood sugar level, the 
highest blood sugar figures were obtained 
during the paroxysms of hypertension. It is 
noteworthy that in this case, although 
normal blood pressure levels were registered 
during long intervals between the attacks, 
there were diffuse vascular changes resem- 
bling those found in the malignant phase 
of persistent hypertension. It might be ex- 
pected that these vascular changes, pre- 
sumably lasting for many years and also 
affecting the kidneys, would cause sustained 
hypertension even after removal of the 
tumor. This was not the case and except 
for arteriosclerotic changes in the ocular 
fundi the evidence of generalized vascular 
disease disappeared after operation and 
the blood pressure remained permanently 
normal. 

In Case i the paroxysms of hypertension 
were usually very short, sometimes lasting 
for a few minutes only, and there were many 
days when a rise in blood pressure did not 
occur at all. At times different blood pres- 
sure readings were registered in rapid suc- 
cession. The increased perspiration was not 
synchronous with the elevation of the blood 
pressure but usually appeared when the 
blood pressure re-attained normal levels. 
Although the hypertensive seizures were of 
short duration, there was definite evidence 
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of widespread vascular sclerosis as mani- 
fested by retinal changes and cardiac and 
renal involvement. In this case operation 
resulted in marked improvement. 

The disturbance of carbohydrate metab- 
olism in this case is of particular interest. 
Here we are not dealing with paroxysmal 
hyperglycemia as in Case 11 but with a type 
of diabetes, indistinguishable from ordinary 
diabetes. The metabolic disturbance was 
at times so severe that it constituted the 
principal clinical feature of the disease. It 
was then accompanied by severe acidosis, 
very high blood sugar levels (up to 400 mg. 
per cent) and glycosuria amounting to 60 
to 80 Gm. a day, a condition which required 
large amounts of insulin. After operation 
all the signs of diabetes disappeared almost 
immediately. That excessive amounts of 
epinephrine were responsible for the dia- 
betes and that no permanent damage was 
present in the pancreas is well demonstrated 
by the normal blood sugar tolerance curve 
obtained two and one-half months after 
operation. 

These observations raise many intriguing 
questions. Although the action of epine- 
phrine on the circulatory system and on 
carbohydrate metabolism has been the sub- 
ject of numerous investigations, the clinical 
features of pheochromocytoma arc still 
poorly understood. The lack of correlation 
between hyperglycemia and hypertension 
in pheochromocytoma is striking. Hyper- 
tension, usually paroxysmal and rarely 
persistent, 7 is a constant feature in pheo- 
chromocytoma. Hyperglycemia, however, 
is frequently absent. Of fifty reported cases, 
including our own two cases of pheochromo- 
cytoma, in which blood and urinary sugar 
were studied evidence of transient hyper- 
glycemia and glycosuria was present in 
twenty-one. In twenty-four cases no dis- 
turbance of carbohydrate metabolism was 
found. In five individuals (including our 
patient in Case 1 ) permanent diabetes was 
present; three of these patients (including 
our Case 1 ) came to operation with resultant 
complete cure of the diabetes. 

A time relationship between hypertension 


and hyperglycemia was frequently observed. 
In some cases, as in our Case 11 , paroxysms 
of hypertension coincided with hyperglyce- 
mia. Occasionally excessive blood pressure 
rises were associated only with moderate 
hyperglycemia or none at ail. Perhaps serial 
blood sugar determinations would have 
shown a later rise in blood sugar as it is 
known that after the intravenous injection 
of epinephrine hyperglycemia appears some- 
what later than the rise in blood pressure. 10 
It is remarkable that in the case reported by 
Thorn ct al., 7 in which persistent hyperten- 
sion was present for seven years, careful 
study failed to reveal any diabetic disturb- 
ance. On the contrary a flat blood sugar 
tolerance curve was found. 

In cases of pheochromocytoma epineph- 
rine is being produced in excessive amounts. 
As to its release into the circulation and the 
factors influencing it no definite facts are 
available. From the finding of Beer et 
al. 11 and others 12111 it follows that the 
hypertensive paroxysm is associated with 
hyperadrcnalincmia. The degree of hyperad- 
renalincmia found by various investigators 
during the hypertensive crises of pheochro- 
mocytoma shows considerable variation in 
the few instances in which it was examined. 
The lack of unanimity may possibly be 
explained by differences in the methods 
used for the estimation of blood epine- 
phrine. 11-1 11 There arc also insufficient data 
as to the amount of epinephrine circulating 
in the blood between the attacks. Stroem- 
beck and Hedberg 12 in their case lound a 
1,000-fold increase in blood epinephrine 
during the paroxysms and a 30-fold increase 
between the attacks. On the other hand, 
Espersen and Dahl-Iversen 13 using a differ- 
ent method found a 4- to 5-fold increase in 
blood epinephrine during an attack whereas 
between attacks the epinephrine content 
was normal or even subnormal, from 
clinical observations it is known that certain 
movements and pressure on the kidney 
region may bring about a hypertensive 
paroxysm in pheochromocytoma, presum- 
ably by producing an increased outpouring 
of epinephrine. On this basis transient 
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hypertension and hyperglycemia are easily 
understood. It is not clear, however, why 
hyperglycemia is not as constant a feature 
of pheochromocytoma as the paroxysm of 
hypertension, especially considering the 
fact that in animals as well as in man the 
minimal amount of epinephrine necessary 
to produce hyperglycemia does not provoke 
a rise in blood pressure. 14-17 

The explanation of persistent diabetes in 
some cases of pheochromocytoma and of 
persistent hypertension in others meets with 
still more difficulties. It has not been possi- 
ble to produce persistent diabetes or persist- 
ent hypertension in animals by continuous 
administration of epinephrine. Under such 
conditions the elevated blood sugar and 
blood pressure begin to decline. 18-20 The 
explanation offered for this is a reflex 
overproduction of insulin and depression 
of epinephrine secretion of the suprarenal 
gland. 20,21 Another factor may be an in- 
creased rate of destruction of the epine- 
phrine injected. 22 The theory of suppressed 
epinephrine secretion is supported by the 
excessive drop in blood pressure observed 
in all cases of pheochromocytoma immedi- 
ately after removal of the tumor and by the 
subnormal resting values found in Case i 
(80/60 mm. Hg). 

In the two cases with persistent diabetes 
reported by McCullagh et al. 8 and by 
Rogers 9 the resting blood pressure was 
found to be elevated and to rise to exces- 
sively high levels during the paroxysms. 
It might be assumed that in these cases a 
continuous excessive secretion of epine- 
phrine took place, producing persisten- 
hyperglycemia and hypertension. The possi- 
bility that continuous excessive secretion of 
epinephrine took place in Case i of out 
series is not warranted by the behavior of 
the blood pressure. In this patient the 
hypertension was definitely paroxysmal, the 
intervening blood pressure even being sub- 
normal while the diabetes was permanently 
present. This discrepancy cannot be ex- 
plained by the assumption that disease of 
the pancreas was responsible since after the 
operation the signs of diabetes disappeared 
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completely and a normal blood sugar toler- 
ance curve was obtained. Since the presence 
of the hypophysis is necessary for the produc- 
tion of hyperglycemia by epinephrine, 23-20 
one might assume that in this case sustained 
hyperactivity of the anterior lobe of the 
hypophysis is induced by the hyperadrenal- 
inemia and that this hyperactivity is 
abolished when the source of the hyper- 
adrenalinemia is removed. Two additional 
features observed in Case i are of interest: 
the acidosis and the good response to insulin. 
This patient was admitted to the hospital 
in a state of severe acidosis with acetonuria. 
Acetonuria has also been observed in ani- 
mals receiving epinephrine. 27 In pancreatic 
diabetes ketosis is explained by an over- 
production of ketone bodies in a liver 
depleted of glycogen, consequent to lack of 
insulin. In epinephrine diabetes, however, 
there is no glycogen depletion in the liver. 
On the contrary, after a short interval follow- 
ing epinephrine injection liver glycogen 
increases. 28-30 Epinephrine induces the mus- 
cles to produce an increased amount of 
lactic acid which is transported by the 
blood stream to the liver where it is con- 
verted to glycogen. 31 This process balances 
and actually supersedes the glycolytic action 
of epinephrine on the liver, the net result 
being hyperglycemia, decrease of muscle 
glycogen and increase of liver glycogen. 
Therefore, development of ketosis in pheo- 
chromocytoma is difficult to explain except 
in case of severe depletion of muscle glyco- 
gen or if it is assumed that epinephrine 
accelerates fat catabolism, by direct action 
in this respect. 32-36 

The severe diabetes of the first patient 
before operation was well controlled by 
insulin. This conforms with the observed 
antagonism between insulin and epine- 
phrine in animals 37-39 as well as in perfused 
organs. 40-41 

SUMMARY 

Two cases of pheochromocytoma have 
been reported. One patient had paroxysmal 
hypertension and persistent diabetes while 
in the other patient both hypertension and 
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diabetes were paroxysmal. In both patients 
a complete cure was effected by removal of 
the adrenal medullary tumor. The incon- 
sistency of the symptomatology of pheo- 
chromocytoma with the known physiologic 
and biochemical effects of epinephrine has 
been pointed out. 
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Review 


Arteriosclerosis* 

A Statement of the Problem 

Richard Gubner, m.d, and Harry E. Ungerleider, m.d. 
New Tor/:, New Tori: 


“Thus do interpretations throng and clash, and neatly equal the commentators 
in number. Yet possibly each one of these unriddlings, with no doubt a host of 
others is conceivable; so that wisdom will dwell upon none of them very seriously.” 

James Branch Cabell in “Jurgen” 


T hat some broad frame of reference 
is needed in the problem of arterio- 
sclerosis is patent from the widely 
divergent concepts of its pathogenesis. The 
many facts which are known about arterio- 
sclerosis have been subject to the most varied 
interpretations. Thus it is held that arterio- 
sclerosis is a progressive and irreversible 
affection of the arteries and “one of the 
indispensable penalties of living ,” 1 whereas 
evidence exists that arteriosclerosis is re- 
versible 2-0 and is not necessarily associated 
with aging . 7 The lipoid infiltration of the 
arterial intima and subintima which con- 
stitutes the basic pathologic lesion of 
arteriosclerosis is variously regarded as due 
to imbibition from the blood stream ;' 1 as the 
result of invasion of the subendothelial 
layer of the artery from the bloodstream 
by foam cell lipoid-laden macrophages 
wandering from the liver ; 8 as a consequence 
of extravasation of serum and of hemor- 
rhage from the arterial vasa vasorum ; 9,10 
as a secondary reactive process to injury 
of the intima which is, according to this 
view, the primary lesion of arteriosclerosis ; 0 
as necrotic debris of degenerated subintimal 
tissue ; 11 and as due to local production of 
lipid consequent to disorganization of the 
intima resulting from mechanical strain of 
the arterial wall . 12 


Divergent opinions arc held regarding 
the permeability of the arterial intima. It 
is considered on the one hand that decreased 
permeability of the intima due to coating 
of the endothelium by a lipoid film, with 
impaired nutritional supply to the arterial 
wall, is of prime imjaortancc in the genesis 
of arteriosclerosis , 13-14 and on the other 
hand that increased permeability of the 
intima favors the penetration of lipoid . 15,10 
The latter view considers that a loosening 
of the connective tissue ground substance 
of the intima occurs as part of the colloidal 
aging process or is due to mechanical strain. 

The relation of the serum lipoids to 
atherosclerosis is also a subject of conten- 
tion. Atherosclerosis is regarded by some as 
due to hypercholesterolemia , 1 '' 18 whereas 
it is stated that there is “no valid reason lor 
believing that a disturbance of cholesterol 
or lipoid metabolism plays any part in the 
etiology of human arteriosclerosis ,” 6 and it 
is claimed that hypercholesterolemia is a 
complication rather than an etiologic factor 
in arteriosclerosis . 19 Elsewhere it is con- 
sidered that “atheromatosis is not due to 
hypercholesterolemia but due rather to a 
disturbance in the stabilization of the 
colloicl state of cholesterol in the blood ,” 13 
with factors favoring the precipitation .of 
cholesterol in plasma and tissues. Whereas 
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many have considered cholesterol alone as 
important in the genesis of arteriosclerosis, 
other serum lipids have been shown to play 
a significant role as well . 20-23 Factors associ- 
ated with arteriosclerosis, such as diabetes 
mellitus (with its frequently attendant hy- 
perlipemia) and hypertension, are considered 
both causes 24-27 and consequences 1, 19,28-31 of 
arteriosclerosis. The role of the arterial vasa 
vasorum which has recently attracted much 
attention has been interpreted both as a 
prime factor in the genesis of arteriosclero- 
sis 9, 10,32 and as a secondary reactive phe- 
nomenon . 33,34 Opposite views are held too 
concerning the primary 8 versus the second- 
ary 6 significance of the “foam” cells which 
are conspicuous in the histology of athero- 
sclerotic lesions. Apart from differences in 
opinion as to the significance of foam cells 
there is no unanimity regarding their origin. 
Whereas they are considered to be of 
phagocytic nature , 6,8 it has been suggested 
that they are endothelial cells which become 
fat-laden and penetrate into deeper layers 
of the artery where they disintegrate 
directly into atheromatous masses . 36 

In the face of such extremes of opinion 
it is not possible to define with exactitude 
the relative importance and mechanisms of 
operation of the various factors which have 
been demonstrated to bear a relation to 
arteriosclerosis. Evident it must be, how- 
ever, that there is no single cause, sui 
generis, of arteriosclerosis. Rather the evolu- 
tion of the arteriosclerotic lesion appears 
to be due to multiple factors mutually inter- 
related in a dynamic mechanism. Although 
broad gaps exist, the knowledge at present 
available permits the tentative formulation 
of a concept of the genesis of arteriosclerosis 
integrating the various morphologic, physi- 
ologic and biochemical aspects. 

The artery, no less than other specialized 
tissues, is an organ with a metabolically 
active parenchyma (the muscle cells), sup- 
porting tissue (fibroblasts and elastic and 
collagen fibers) and an intercellular medium 
through which nutrition is brought and 
waste products are removed. It is the 
unique arrangement of the circulation 
January, 1949 
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through the intercellular medium of the 
artery which appears in large measure to 
provide the background for arteriosclerosis. 
The subject of nutrition of the vascular wall 
has been admirably reviewed by Ramsey . 36 
There appears to be general agreement that 
the arterial wall is normally nourished from 
two sources. The adventitia and outer por- 
tion of the muscular media are supplied by 
vasa vasorum from the outer surface of the 
vessel. The inner layers of the arterial wall, 
including most of the media, derive their 
nourishment from the blood flowing within 
the lumen of the vessel, for the most part by 
direct diffusion across the intact intimal 
endothelial membrane. The studies of Pe- 
troff , 37 Lange , 38 Anitschkow 16 and Iwanov 39 
indicate that normally a constant stream 
flows through the walls of the large arteries 
in the direction from lumen to adventitia. 
Water, salts, dextrose and other blood con- 
stituents enter the subintimal tissue spaces 
in the course of this nutritive process to the 
vascular wall. Colored substances such as 
bile pigments and colloidal dyes, e.g., try- 
pan blue, can readily be observed to enter 
the arterial wall from the blood stream. 
Lipoids, too, penetrate the intima and are 
transported externally through the media 
to be removed by the lymphatics of the ad- 
ventitia . 40 After passing through the endo- 
thelial membrane, the blood transudate, 
i.e., intercellular fluid, penetrates the entire 
thickness of the arterial wall and is trans- 
ported off by the lymphatics and veins of 
the adventitia. 

The same factors which determine the 
composition and circulation of the inter- 
cellular fluid in other tissues of the body 
operate in controlling fluid movement 
through the artery. These include the vascu- 
lar filtration pressure (intravascular pressure 
minus osmotic pressure of blood), composi- 
tion of the blood, permeability of the endo- 
thelial membrane, physical - state ' of the 
intercellular medium and barriers to fluid 
flow, venous and lymphatic removal of the 
intercellular fluid and adjuvant factors aid- 
ing movement and removal of components 
of the intercellular medium, such as gross 
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movement of the part and phagocytic activ- 
ity. The quantitative effects of these several 
factors differ greatly, however, in relation to 
their action in determining the intercellular 
composition and circulation elsewhere in the 
body. 

INTRAVASCULAR FILTRATION PRESSURE 

Whereas the filtration pressure in all 
other tissues of the body is the relatively low 
capillary blood pressure, in the arteries the 
arterial blood pressure itself, which is many 
times the magnitude of the capillary pres- 
sure, determines in large part the move- 
ment of fluid across the endothelial intimal 
membrane into the subcndothelial tissue 
spaces. Consequently, no such delicate 
balance between intravascular filtering pres- 
sure and the colloid osmotic pressure of the 
blood obtains as in the capillaries. The 
arterial pressure is the dominant factor in 
determining the penetration of the arterial 
endothelium by blood constituents. The 
penetration of substances such as cholesterol 
may be increased by virtue of this high 
filtering pressure. It is presumably for this 
reason that colloids such as cholesterol 
accumulate to a greater extent in the 
arterial wall than in other tissues and that 
the arteries are the most vulnerable organ 
in the body to degenerative changes. 

It is evident a priori, on this basis, that a 
high level of arterial blood pressure will 
hasten the deposition of cholesterol and 
presumably the development of arterio- 
sclerosis. In the presence of hypertension 
the cholesterol content of the aorta is sig- 
nificantly increased although the serum 
cholesterol concentration is not elevated. 41,71 
The association of atherosclerosis and hy- 
pertension is too well known to require 
comment. Conversely, it is interesting to 
note that individuals with hypotension are 
much less apt to develop arteriosclerosis 
than those with average normal levels of 
blood pressure. The study of Hunter 42 
showed that with a blood pressure twenty 
points less than average, the life expectancy 
is decidedly better than that of the average 
population, the actual mortality in this 


group being only 71 per cent of the ex- 
pected, with many fewer deaths from 
cardiovascular disease. Values in excess of 
the low optimal level of blood pressure 
impose an increasing strain on the cardio- 
vascular system,' even in the range which 
has always been regarded as “normal” 
simply because these arc the most common 
levels. The atherosclerotic changes in the 
large arteries arc in no way qualitatively 
different in hypertension from the athero- 
sclerosis in the coronary arteries and aorta 
which develop in the absence of hyper- 
tension, 43 but the elevated blood pressure 
accentuates the development of these lesions. 

Arteriosclerosis is not a uniform process 
throughout the arteries of the body but 
exhibits definite zones of predilection. The 
regions predominantly involved are those 
subject to greatest intravascular pressure. 
The susceptibility of the coronary arteries 
to arteriosclerosis is best comprehended as 
the result of the unusual pressure relation- 
ships in these vessels. Arterial blood pres- 
sure has two components, static or lateral 
pressure head and velocity head. When 
blood flow is obstructed, the velocity head 
component is transformed into static pres- 
sure augmenting the lateral pressure exerted 
against the arterial wall. This is what occurs 
in the coronary arteries supplying the left 
ventricle during systole for there is con- 
siderable retardation of systolic flow 44 ' 45 due 
to the high level of intramural systolic 
pressure in the left ventricle, particularly 
in the deeper layers. 46 The resulting high 
lateral systolic pressure head in the epi- 
cardial extramural segments of the coronary 
arteries may greatly accentuate the de- 
velopment of atherosclerosis, particularly 
in the vessels supplying the left ventricle. 
Intramural systolic pressure in the right 
ventricle and auricles is lower than in the 
left ventricle and does not cause any con- 
siderable retardation of systolic flow. 47 It 
is for this reason that atherosclerosis is less 
marked in the right coronary artery and 
circumflex branch of the left coronary artery 
which supply these chambers to a somewhat 
greater extent than does the left anterior 
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descending coronary artery. As shown by 
Ehrich, de la Chapelle and Cohn , 48 the 
left anterior descending coronary artery 
regularly “ages” much earlier than do the 
other coronary rami. The vulnerability of 
the left anterior descending ramus may 
most reasonably be attributed to the special 
pressure relationships in this vessel. Par- 
ticular evidence for this concept is afforded 
by the data of Horn and Finkelstein 34 
which show a striking disparity in the 
frequency of severe sclerotic changes in the 
branches of the coronary arteries supplying 
the left ventricle as compared with a much 
lower incidence of sclerosis in the branches 
to the right ventricle. In contrast to the 
predilection to arteriosclerosis of the main 
coronary arteries is the almost complete 
immunity to arteriosclerosis of the im- 
mediately contiguous intramyocardial seg- 
ments of the coronary arteries. This may 
be attributed in large measure to the high 
external pressure on the intramural coro- 
nary vessels during systole so that the net 
intraluminary pressure exerted against the 
vessel wall during systole, at least, is 
negligibly small or even a minus quantity. 

Two other regions of the vascular system 
exhibit a high incidence of arteriosclerosis 
and in both the intravascular pressure 
appears to play a significant role in de- 
termining localization. Atherosclerosis is 
very common in the lower extremities where 
gravity imposes an increased static (lateral) 
pressure head. The greater incidence of 
atherosclerosis in the aorta as contrasted 
with the smaller peripheral muscular arteries 
likewise may be attributed to the greater 
lateral pressure head than velocity head in 
the large elastic arteries. In the smaller 
arteries the velocity of blood flow is much 
greater than in the elastic aortic reservoir 
and the lateral pressure component is lower. 
One of the most frequent sites of athero- 
sclerosis of the aorta is in the superior por- 
tion ol the aortic knob at the junction of 
the transverse and descending segments of 
the aortic arch. This is the l'egion most 
subject to the direct impact of the systolic 
ejection and the area of the aorta against 
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which greatest intravascular pressure is 
exerted. The predilection for arteriosclerosis 
at this site contrasts with the relative free- 
dom from arteriosclerosis in the ascending 
portion of the aortic arch which is mobile 
and moves freely with the heart during 
systolic ejection. Arterial segments which 
are fixed, as at points of bifurcation and 
branching in the aorta, or which are im- 
mobilized in bony structures and confined 
tissues, such as the intracranial arteries, are 
subject to greater pressure impact and are 
vulnerable to arteriosclerosis. A striking 
illustration of the importance of restriction 
of elastic expansion is seen in the greatly 
increased degree of arteriosclerosis in the 
posterior wall of the aorta opposite the 
prominences of the vertebral bodies con- 
trasting with adjacent segments of the 
aorta which are not fixed and immobile . 1 

Further examples may be cited of the 
role of intravascular pressure in causing 
atherosclerosis; among them are arterio- 
sclerosis in the aortic arch proximal to. 
coarctation of the aorta, sclerosis of the 
mitral valve on the ventricular side, sclerosis 
of the right ventricular endocardium oppo- 
site a patent interventricular septum and 
of the pulmonary artery opposite patent 
ductus arteriosus, sclerotic changes in the 
veins opposite the fistulous opening in 
arteriovenous fistula, phlebosclerosis wher- 
ever veins are subject to prolonged increase 
in venous pressure, and particularly arterio- 
sclerosis of the pulmonary artery and its 
branches secondary to pulmonary hyper- 
tension caused by such conditions as mitral 
stenosis and pulmonary diseases leading to 
cor pulmonale . 1 

PERMEABILITY OF THE ARTERIAL INTIMA 

While permeability of the endothelial 
membrane must be of fundamental impor- 
tance in determining penetration of lipids 
to form atheromas, knowledge of this 
aspect of the problem is still fragmentary. 
Such information as is available derives 
from the studies of cellular physiologists on 
membrane permeability. Even here, as 
stated by Davson and Danielli , 49 “of the 
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permeability of natural membranes to fats 
and proteins very little is known, despite 
the physiological importance of these com- 
pounds.” The endothelial membrane con- 
sists of the thin endothelial cells and their 
product, a binding intercellular cement. 
There is evidence that the membrane is in 
large measure a thin lipoid layer. The 
chemical stability of the endothelial mem- 
brane, particularly the intercellular cement, 
controls the permeability of the vessel. 
The permeability is greatly influenced by 
many factors. It is increased by lack of 
oxygen, increased acidity and by many 
noxious substances such as histamine. It is 
decreased by thyroid hormone, calcium, 
ascorbic acid, vitamin P, thiocyanates and 
caproic acid . 49,50 

So early a student as Virchow believed 
that heightened permeability is an impor- 
tant determinant in the genesis of arterio- 
sclerosis. His view that a loosening of the 
connective tissue ground substance of the 
intima caused by mechanical strain oc- 
curred as a preliminary to the imbibition of 
cholesterol into the subintima is substan- 
tially similar to that later expressed by 
Aschoff 1 ’’ who believed that the changes in 
the intercellular ground substance arc to 
be attributed to colloidal aging. Other 
investigators, such as Anitschkow , 10 likewise 
have considered that areas of heightened 
permeability are important in determining 
the localization of arteriosclerosis. It was 
found by Anitschkow that lipoid material 
is deposited in the subintima in the same 
regions of the aorta which exhibit greatest 
permeability to colloidal dyes. Somewhat 
at variance with this point of view is the 
theory of Hueper 13,14 that the atheromatous 
process is initiated by precipitation of a 
cholesterol film on the intimal surface 
causing a reduction in permeability of the 
vessel wall. Hueper believes that the result- 
ing anoxic injury to the endothelial cells 
secondarily causes increased permeability 
of the intimal membrane. Increased per- 
meability produced by injury to the intima 
leads to the formation of subintimal lipoid 
atheromas . 14, 18 


A clinical example of permeability as a 
factor in arteriosclerosis may exist in the 
action of the thyroid hormone on vascular 
permeability. As shown by Lange , 51 defi- 
ciency of the thyroid hormone as occurs in 
hypothyroidism greatly increases capillary 
permeability and this is reversed by ad- 
ministering thyroid extract. This observa- 
tion suggests that increased permeability 
of the intima (in addition to heightened 
blood cholesterol which is usually present) 
may be significant in accounting for the well 
known increased incidence of arteriosclerosis 
in myxedema. Thyroid deficiency also 
favors the development of experimental 
arteriosclerosis . 52,53 Administration of thy- 
roid on the other hand prevents the develop- 
ment of arteriosclerosis. 54, 55 This beneficial 
effect may be due in part to the action of 
thyroid hormone in decreasing the per- 
meability of the endothelial membrane. 
Thyroid hormone decreases the amount of 
lipids, such as cholesterol, in the blood; 
however, there is some evidence that height- 
ened blood cholesterol may play little or no 
part in explaining the increased occur- 
rence of arteriosclerosis in thyroid-deficient 
states . 50,57 However suggestive, the action of 
thyroid hormone is much too complex to 
single out its effect on vascular permeability 
as its sole relation to arteriosclerosis. Iodides 
and thiocyanates, which also decrease 
permeability , 49 likewise inhibit the develop- 
ment of arteriosclerosis in animals fed 
cholesterol . 58—01 Since these substances do 
not affect the content of cholesterol in the 
blood or cause resolution of lesions pro- 
duced by prior administration of cho- 
lesterol , 02 their action, like that of thyroid 
hormone, may be due to their effect on 
membrane permeability. 

blood composition: serum lipids 

The fundamental role of serum lipids in 
the genesis of arteriosclerosis is emphasized 
by experimental production of atherosclero- 
sis in the rabbit, guinea pig, chick and dog 
by sustained dietary elevation of blood- 
cholesterol. Particularly important, because 
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of its close resemblance to human athero- 
sclerosis in the distribution and character 
of the lesions, is the production of athero- 
sclerosis in the dog by the feeding of 
cholesterol combined with thiouracil ad- 
ministration. 53 Clinically it is well known 
that there is an increased incidence of 
atherosclerosis in conditions associated with 
hypercholesterolemia, such as essential xan- 
thomatosis and other lipoidoses, diabetes 
mellitus, myxedema and nephritis, particu- 
larly in the nephrotic stage. It has been 
reported by some investigators 63,64 that the 
level of blood cholesterol is significantly 
elevated in a large percentage of cases with 
arteriosclerosis although this is still open to 
question. 65 Of interest as a possible indica- 
tion of a disturbed cholesterol regulation is 
the observation that not only are the levels 
of cholesterol elevated in subjects with 
coronary arteriosclerosis but the serum 
cholesterol also fluctuates widely, contrast- 
ing with a relative constancy of the serum 
cholesterol in normal individuals. 64 In a 
recent study employing the Schoenheimer- 
Sperry method for blood cholesterol de- 
termination, which is more accurate than 
older methods, it was reported that 68 per 
cent of seventy-five patients under sixty 
years of age with coronary occlusion ex- 
hibited hypercholesterolemia, with levels of 
blood cholesterol exceeding 260 mg. per 
cent. 66 Particularly significant is the demon- 
stration of hypercholesterolemia in young 
individuals with coronary artery disease, 
subjects in whom other factors contributing 
to the development of arteriosclerosis are 
lacking. 67 Hyperlipemia is also very fre- 
quent in younger women with coronary 
artery disease. 68 The high incidence of 
arteriosclerosis in groups subsisting on a 
high fat, high cholesterol diet, as in obese 
individuals, American soldiers of World 
War ii 69 and inhabitants of the Kirghiz 
Steppe (who consume enormous quantities 
of mare’s milk 70 ) contrasts eloquently with 
the rarity of arteriosclerosis in groups on a 
low fat, low cholesterol diet, e.g., orientals 
and Europeans during the period of semi- 
starvation following the first World War. 4,71 
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Whereas hypercholesterolemia of con- 
siderable degree predisposes to the develop- 
ment of atherosclerosis, low levels of serum 
cholesterol appear to confer some protec- 
tion. In a study recently carried out by the 
authors* it was found that the incidence of 
arteriosclerosis of the aorta was approxi- 
mately the same in (1) individuals with 
slight degrees of hypercholesterolemia (22 
per cent of eighty-three cases, average cho- 
lesterol 300 mg. per cent) as in (2) those 
with “normal” cholesterol concentration 
(20 a per cent of eighty-four cases, average 
cholesterol 211 mg. per cent); whereas 
among subjects with low cholesterol levels 
(3) significantly less arteriosclerosis was 
found (7 per cent of seventy-seven cases, 
average cholesterol 160 mg. per cent). The 
average ages and body builds in these 
groups were similar, (1) forty-eight years, 
7.8 per cent overweight, (2) forty-six years, 
8.3 per cent overweight, (3) forty-seven 
years, 6 per cent overweight. No relation 
could be demonstrated between cholesterol 
level and age or weight. These observations 
suggest that the so-called“ normal” cho- 
lesterol is in reality a high cholesterol, and 
that the cholesterol level of the average 
American population is of such an order 
as to predispose to the development of 
arteriosclerosis. 

Although several hypotheses have been 
invoked to explain the presence of cho- 
lesterol in arterial atheromas, the simplest 
and most reasonable view is that of direct 
imbibition of lipids from the plasma together 
with other plasma constituents through the 
intimal endothelium under the influence of 
the high filtering arterial pressure. Chemical 
analyses indicating that atheromas are not 
constituted of cholesterol alone but contain 
the same lipids as are present in plasma 20-23 
support this concept. Not only lipids but 
other macromolecular substances in the 
colloidal- state penetrate through the vascu- 
lar endothelium into the arterial subintima, 

*Ungerleider,fH. E., Gubner, R. and Rodstein, M. 
Clinical significance of blood cholesterol. Presented at 
the Annual Meeting of the American Society for the 
Study of Arteriosclerosis, Chicago, Oct. 31, 1948. 
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such as amyloid 72,73 and hyaline 74 which 
derive in part from the serum proteins. 
Exogenous agents such as the colloidal dyes 
Evans blue , 75 fluorescein and naphthol 
yellow , 70 trypan blue and lithium car- 
mine 77 ' 78 similarly penetrate the vascular 
endothelium to enter the vessel wall. 
Atheromatous lesions closely resembling 
experimental cholesterol atheromatosis and 
human atherosclerosis have been produced 
by administration of a variety of macro- 
molecular colloidal carbohydrates , 13 such 
as polyvinyl alcohol, methyl cellulose, 
pectin and acacia which enter the arterial 
subintima by penetration through the 
endothelium. 

Accepting the hypothesis that cholesterol 
enters the arterial subintima by direct pene- 
tration through the endothelium, the mech- 
anism of this transport still remains to be 
answered. There are at least two ways in 
which such penetration might occur. Serum 
cholesterol exists in large molecular colloidal 
aggregates or micellae 79,80 in close associa- 
tion with the serum proteins, particularly 
the globulin fractions . 81,82 Serum cho- 
lesterol may be precipitated with protein, 
at least with ammonium sulfate fractiona- 
tion, and passes graded ultrafilters only in 
association with and in proportion to 
protein . 83 Evidence exists also that cho- 
lesterol and protein pass through natural 
membranes in close association. The con- 
centration of lipids in transudates bears a 
direct relation to the concentration of 
lipids in the serum . 84 The concentration of 
lipids in the urine parallels the urinary 
excretion of protein in conditions of in- 
creased glomerular permeability producing 
proteinuria , 85-87 and the same relationship 
occurs in the spinal fluid in disorders asso- 
ciated with increased spinal fluid protein 
content . 88 In view of this close association 
it seems possible that cholesterol, as well as 
other serum lipids, enters the vessel wall by 
penetration together with protein under the 
influence of the arterial filtering pressure. 
Tissue utilization of - hydrophilic colloids 
such as protein and lecithin, which hold the 
hydrophobic cholesterol in colloidal dis- 


persion , 21,89 might lead to precipitation of 
cholesterol in the arterial wall. 

An alternative possibility is that cho- 
lesterol precipitation occurs first in the 
bloodstream before penetration into the 
vessel wall. Although the tissues of most 
mammals contain approximately the same 
amount of cholesterol as the corresponding 
tissues of man, human blood plasma has a 
higher cholesterol content than any other 
species 90 and normally stands at a level not 
far from the point of saturation . 91 The 
solubility of cholesterol in the scrum, as 
determined byLocper’s test , 92 varies greatly, 
with a striking decrease in older individuals 
beyond the sixth decade, particularly, it is 
claimed, in subjects with arteriosclerosis . 81,93 
Eck and Desbordcs 93 attribute the finding 
of normal cholesterol levels in the major- 
ity of subjects with arteriosclerosis to inabil- 
ity of the scrum to dissolve more cholesterol 
with resulting precipitation in the blood 
stream along the vascular channels. These 
investigators, as well as others such as 
Alvarez and Ncuschlosz 94 and more recently 
Huepcr , 13,14 hold the view that the col- 
loidal stability of cholesterol in blood plasma 
rather than its concentration is the signifi- 
cant factor in the genesis of arteriosclerosis. 
Hueper believes that the atheromatous 
process is initiated by an imbalance of the 
plasma colloidal equilibrium which he 
attributes to vibration of the blood column, 
causing the precipitation on the intima of a 
cholesterol film which penetrates the endo- 
thelium. It is difficult to reconcile this con- 
cept with the clinical observation that 
arteriosclerosis is increased in the nephrotic 
state, in which condition a greatly increased 
amount of cholesterol is “dissolved” in the 
serum as a cholesterol globulin colloid 
complex . 95 

In the light of present knowledge, regula- 
tion of the blood cholesterol appears to 
offer the most promising approach to the 
prevention of arteriosclerosis. Analysis of 
the mechanisms whereby blood cholesterol 
may be lowered requires a brief resume of 
the factors controlling cholesterol metabo- 
lism. Although cholesterol plays a determin- 
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ing role in the genesis of arteriosclerosis 
it cannot be regarded entirely as a noxious 
agent. Cholesterol serves important physio- 
logic functions as a constituent of all body 
tissues, as a precursor of cholic acid and 
steroid hormones and as a vehicle for fatty 
acid transfer. Cholesterol metabolism, par- 
ticularly in relation to its concentration in 
the serum, is best viewed as an adjunct to 
fat transport. 

Cholesterol in the body derives from two 
sources, synthesis in the liver and ingested 
cholesterol in the diet. Synthesis of cho- 
lesterol in the body is restricted to the liver, 
the precursors being simple chemical units 
such as acetic acid as shown by deuterium 
tag studies. 96 Acetic acid derives from fatty 
acids by the mechanism of /3-oxidation with 
removal of acetyl groups from the /3-keto 
acids. Acetic acid contributes to the forma- 
tion of the entire steroid molecule, with 
fully half of the hydrogen atoms and proba- 
bly half of the carbon atoms furnished by 
acetate. 97 Apart from synthesis of cho- 
lesterol, the liver regulates steroid metab- 
olism in many ways including the formation 
of cholic acid from cholesterol, 98 degrada- 
tion of steroid hormones and the transfer 
of fatty acids esterified with cholesterol to 
phosphatides, with excretion of free cho- 
lesterol as well as of bile acids in the intes- 
tines via the biliary tract. The daily biliary 
excretion of cholesterol is at least 0.5 Gm. 
and of bile acids 2 Gm. The cholesterol in 
the bile as well as that in the diet is in the 
free (non-esterified) form. 100 The daily 
cholesterol intake in the mixed diet of the 
adult varies from 200 to 360 mg. ; on a low- 
fat diet it ranges from 39 to 109 mg.; 
whereas fat-rich diets may contain up to 
1,400 mg. of cholesterol. 90 

In the intestines cholesterol serves as a 
major vehicle for the absorption of fatty 
acids, particularly the highly important 
unsaturated fatty acids. The mechanism 
whereby this occurs may be briefly described 
as follows: fatty acids which are liberated 
by the action of pancreatic lipase on 
neutral fat are then esterified with cholesterol 
by pancreatic cholesterol esterase, which is 
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activated markedly by bile acids 101,102 in 
particular by cholic acid and glycocholic 
acid. 103 The esterified cholesterol is trans- 
ported into the epithelial cells of the intes- 
tine, unesterified cholesterol itself being 
absorbed poorly if at all. To be absorbed, 
therefore, cholesterol requires the presence 
of fat, pancreatic enzymes and bile salts. 
If any of these be lacking, cholesterol ab- 
sorption is greatly impaired. Thus, in 
animals on a fat-free diet cholesterol which 
is administered can be recovered quantita- 
tively in the feces. 104 

Fatty acids are absorbed not only as 
cholesterol esters but by other mechanisms 
as weil. Some neutral fat emulsified by bile 
is absorbed directly, passing into the lym- 
phatics, but the major portion of fat is 
hydrolyzed by lipases into glycerol and 
fatty acids. The shorter chain, water-soluble 
fatty acids as well as glycerol pass directly 
into the blood stream. The remaining fatty 
acids, particularly the unsaturated fatty 
acids, are assimilated both as cholesterol 
esters in the manner already indicated and 
by phosphorylation in the intestinal mucosa 
to form phosphatides, lecithin being the 
principal vehicle for fatty acid absorption. 
Phosphorylation by the intestinal mucosa 
is an important mechanism for the absorp- 
tion of fatty acids, as indicated by the 
finding of radioactive phosphate given 
orally with fats 105 or intravenously 106 in the 
phosphatides of the intestinal mucosa. 
Further indication of the importance of 
phosphorylation in fatty acid absorption 
may be afforded by the observation that 
fat absorption is markedly impaired by 
iodoacetate and phlorizin which inhibit- 
phosphorylation 107 although this has been 
denied. The fatty acids of the blood phos- 
pholipids represent in large part the fatty- 
acids of newly absorbed fat, i.e., fatty acids 
in transport. 108 

These various mechanisms of fat absorp- 
tion are mentioned because both in absorp- 
tion and in transport in the blood stream 
(as indicated by blood concentration) there 
appears to be a remarkably constant con- 
centration and division of the various lipid 
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fractions in any individual, suggesting a 
dynamic interdependence and relationship. 
Particularly is this true for the ratios cho- 
lesterol/cholesterol esters and cholesterol/ 
phospholipids. Neutral fat which usually 
comprises the smallest fraction of the fatty 
acids of the plasma is somewhat more inde- 
pendent and variable. 109 The clinical sig- 
nificance of the close interrelation between 
the various lipid fractions of plasma lies in 
the realization that blood cholesterol con- 
centrations must not be considered alone 
but in terms of lipid metabolism as a whole. 
The reason for the constancy of the partition 
of fatty acids between cholesterol esters and 
phospholipids lies in the regulatory activity 
of the liver in transferring fatty acids from 
cholesterol to phosphatidcs, as will presently 
be mentioned. Bloor 102 has suggested that 
the constant relationship between cho- 
lesterol and phospholipid is useful to the 
organism in preserving colloidal equilibrium 
since phospholipid is hydrophilic and cho- 
lesterol is hydrophobic. 

The hydrophobic, insoluble cholesterol 
owes its high concentration in the serum of 
man to agents which allow it to be carried 
in colloidal dispersion. Phospholipids, as 
Bloor has suggested, may be significant in 
this regard. Even more important is the 
vehicular role of the blood proteins which 
combine with the blood lipids to form lipo- 
protein complexes. Electrophoretic studies 
have indicated that serum lipids are in 
large part bound to serum proteins, chiefly 
in a relatively weak bond. Both cholesterol 
and phospholipids are present in highest 
concentration in the alpha 2 and beta globu- 
-lin fraction. 81,82 Appreciable quantities are 
also attached to serum albumin and gamma 
globulin. Lower fatty acids on the other 
hand exhibit a high electrostatic affinity 
for serum albumin as shown by electro- 
phoretic studies. 110 The marked increase in 
serum cholesterol which occurs in the 
nephrotic state 95,111 may in part be due to 
the large increase in alpha 2 and beta 
globulin in this condition, the increased 
globulin holding more cholesterol and 
phospholipid. To some extent the unusually 


high alpha and beta globulin peaks in the 
electrophoretic spectrum in nephrosis, seen 
also to a lesser degree in hypothyroidism, 112 
must be attributed to elevated cholesterol 
itself for on extraction of the plasma with 
ether, removing lipids thereby from their 
protein complexes, these large peaks be- 
come considerably reduced. The globulin- 
lipid bond is ruptured by heparin with 
liberation of the combined lipids and the 
simultaneous formation of a protein-heparin 
compound. 113 Since heparin has been re- 
ported to cause rapid disappearance of 
alimentary lipemia in dogs, 114 it would be 
of great interest to determine the effect of 
heparin on blood cholesterol and phos- 
pholipids in clinical hyperlipemia states 
as a possible means of lowering elevated 
blood cholesterol. 

While the scrum proteins by virtue of 
their binding capacity appear to exercise 
some influence on the level of the serum 
lipids, a more dynamic role is played by the 
liver. In the liver, cholesterol esters, which 
arc formed in the intestine as a vehicle for 
fatty acid absorption and transport, are 
transferred to choline phosphatides, i.e., 
lecithin, in preparation for further stages of 
fat metabolism. The turnover rate of liver 
phospholipids is accelerated by choline and 
its precursors 115 whereas the transfer of 
fatty acids from cholesterol esters is im- 
paired in choline deficiency and in hypo- 
thyroidism. 102 The mechanism of action of 
choline and thyroid hormone are inter- 
related for choline must be present for 
thyroxine to exert lipotropic action. 116 In 
fatty livers produced by choline deficiency 
a great accumulation of cholesterol esters 
occurs in the liver. Conversely, lipotropic 
agents such as lecithin, choline, methionine, 
inositol, betaine and thyroid hormone speed 
up the removal of fatty acids from cho- 
lesterol, allowing the liver to pass free 
cholesterol into the bile. 

It is evident from these remarks that 
serum cholesterol, functioning as a vehicle 
for fatty acids, can be elevated by any 
mechanism which elevates the blood fat. 
Known mechanisms include: (1) impaired 
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removal of fatty acids by the liver, e.g., in 
myxedema and in choline deficiency; (2) 
increased fat in the diet which causes 
increased reabsorption of cholesterol spilled 
into the intestine in the bile; (3) mobiliza- 
tion of fat from fat stores as occurs in 
starvation 117 and when utilization of carbo- 
hydrate is impaired, as in severe diabetes 
and during phlorizin administration. 109 
(4) An increased capacity of blood to bind 
lipids associated with elevated globulin 
concentration may be partially responsible 
for hypercholesterolemia such as occurs in 
the nephrotic state, although other factors 
doubtless play a part. (5) Increased synthesis 
of cholesterol by the liver is another mech- 
anism which probably is important in the 
production of hypercholesterolemia, e.g., in 
diabetes mellitus in which increased fat 
utilization may provide a greater acetate 
pool for synthesis into cholesterol. 

Attempts to lower blood cholesterol have 
been directed principally toward the speed- 
ing up of hepatic removal of lipids with 
lipotropic agents, i.e., augmented transfer 
of fatty acids from cholesterol esters to 
phosphatides. Experimentally, lecithin and 
choline fed to rabbits receiving cholesterol 
restrict hypercholesterolemia and diminish 
the incidence of arteriosclerosis in these 
animals. 118 While some success has been 
claimed with the use of these and other 
lipotropic agents in lowering elevated blood 
cholesterol in man, 119,120 their clinical value 
is at best limited; for such decreases in 
serum cholesterol as are accomplished are 
transitory and are not maintained beyond 
five weeks despite continued administration 
of lecithin. 121 It is understandable why 
lipotropic agents in themselves are rela- 
tively ineffective in lowering blood choles- 
terol. These agents accomplish the removal 
of fatty acid esters from cholesterol in 
the liver, allowing free cholesterol to be 
excreted in the bile. However, the biliary 
cholesterol is promptly reabsorbed in the 
intestines, back into the circulation, unless 
cholesterol absorption is prevented by 
extreme fat restriction or other measures to 
be considered. 
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Actually the bile is not an important 
medium for excretion of cholesterol. 102 
Biliary cholesterol is one phase in . the 
physiologic circulation of cholesterol (intes- 
tine — > blood — > liver — » bile — ■» intestines) 
in its role as an adjunct in fat transport 
rather than a major excretory pathway of 
cholesterol. If bile is excluded from the 
intestines by a biliary fistula or by closure 
of the bile duct, 122 large amounts of sterols 
are still found in the feces, unaccounted for 
by the dietary intake. The major part of 
sterol excretion takes place directly into 
the intestine, particularly the large bowel. 102 
Just how this occurs has not been explained 
but the following mechanism may be ad- 
vanced as plausible. Cholesterol is not stored 
in the body as is fat, fatty tissues containing 
no cholesterol or only minimal amounts. 123 
However, a considerable repository of 
cholesterol is present in the leukocytes. 124 ’ 125 
With the development of infection, both in 
animals 126 and in man, 127 blood cholesterol 
falls, the serum cholesterol and lipid con- 
tent tending to vary inversely with the total 
leukocyte count in infection. 102 Lympho- 
cytes pass into the intestine in enormous 
quantities, this being their main pathway 
of diposal by the body. 128 Generated (as the 
greater number of lymphocytes are) in the 
lipid-rich environment of the mesenteric 
lymphatics and excreted after circulation in 
the blood into the intestines, lymphocytes 
may well provide an important mechanism 
for excretion of sterols. A considerable 
amount of cholesterol excreted in such 
manner may be reabsorbed just as biliary 
cholesterol. It is apparent that an impor- 
tant phase of cholesterol metabolism is 
exogenous in the intestinal tract. Attempts 
to deplete the body of cholesterol by an 
attack on this exogenous phase of cholesterol 
metabolism appear, as will be outlined, to 
offer perhaps greater promise than endo- 
genous methods operating within the body 
tissues. 

Destruction of cholesterol in the body 
has not yet been shown to occur in any 
appreciable degree and may be of little 
physiologic consequence in regulating blood 
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cholesterol. Cholestanol, the hydrogenation 
product of cholesterol, is found in small 
concentration in the blood serum, 129 and 
cholestenone, the unsaturated ketone which 
is the initial stage in degradation to copros- 
terol, has been isolated in body tissues. 130 
One further endogenous aspect of cholesterol 
metabolism is of some consequence, how- 
ever, in determining the level of scrum 
cholesterol. Cholesterol is synthesized in the 
liver. In view of the constant level of scrum 
cholesterol it is probable that a daily syn- 
thesis of approximately 0.3 Gm. occurs in 
man to offset the average negative balance 
of this amount. 102 It is quite possible that 
increased hepatic synthesis of cholesterol 
may be responsible for hypercholesterolemia 
in cases in which other factors which arc 
known to elevate blood cholesterol do not 
appear to play a part, i.e., essential familial 
hypercholesterolemia. The effect of fat in 
elevating blood cholesterol may be due not 
only to promotion of intestinal absorption 
of cholesterol, but perhaps in even more 
important measure to supplying large quan- 
tities of acetate, a building block of choles- 
terol. The relative significance of exogenous 
and endogenous cholesterol in contrib- 
uting to hypercholesterolemia and ath- 
erosclerosis awaits clarification by studies 
with the isotope technic. Clinical evidence 
that hepatic synthesis of cholesterol and 
cholesterol esters has an important bearing 
on the level of blood cholesterol is afforded 
by the fact that severe liver disease leads 
to a decided fall in blood cholesterol, 
particularly of the esters. It remains to be 
determined whether hepatic synthesis of 
cholesterol can be decreased, however, 
without seriously disturbing other impor- 
tant hepatic physiologic functions. Acetic 
acid 'metabolism, which is of fundamental 
importance in cholesterol synthesis, is pro- 
foundly affected by sodium fluoroacetate 
which, because of its close similarity to 
acetate, blocks enzyme systems concerned 
with the utilization of acetate by competi- 
tive inhibition. 131 The toxicity of this com- 
pound may preclude clinical application 
for such purposes as decreasing cholesterol 
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synthesis. Other substances less disturbing 
to the body economy interfere with cho- 
lesterol metabolism, and it may be that an 
effective agent of sufficiently low toxicity 
can be employed to decrease cholesterol 
synthesis. Sulfite, a reagent which blocks 
aldehyde groups, inhibits sterol synthesis 
from acetate in yeast but does not impair 
fat synthesis. Cinchophen in doses which do 
not ordinarily seriously impair hepatic 
function causes marked suppression of 
cholic acid synthesis and excretion; 132 and 
cholic acid, it is recalled, derives from 
cholesterol. Thiocyanate is stated to decrease 
blood cholesterol, presumably due to its 
effect on the liver 133,134 although elsewhere 
this action is questioned. 133 ’ 130 Sympatho- 
mimetic drugs and calcium salts cause 
hypocholcstcrolcmia, 137 and in this con- 
nection it is of interest that epinephrine 
increases fecal lipid excretion. 138 An inter- 
esting reciprocal relation exists between the 
level of blood cholesterol and urea. Blood 
cholesterol is decreased in uremia, 139 and 
elevation in the blood urea following the 
ingestion of urea by human subjects is often 
accompanied by a striking fall in the plasma 
cholesterol. 140 A direct relationship is stated 
to exist between the cholesterol content of 
the tissues and blood and the degree of 
hydration, i. e., salt content of the body. 141,142 

Such observations leave no doubt that 
endogenous mechanisms may influence the 
level of serum cholesterol but no effective 
means has yet been found to lower serum 
cholesterol for sustained periods based on 
mechanisms operating in the body tissues 
proper. However, the lowering of blood 
cholesterol by dietary restriction of fat may, 
as has already been suggested, be due in 
large measure to decreased hepatic synthesis 
of cholesterol consequent to a restriction of 
the acetate precursor of cholesterol. As has 
been indicated, cholesterol in its metabolic 
cycle passes through an external phase in 
the intestines. This appears to be the most 
vulnerable site for depleting the body of 
cholesterol. The mechanisms of attack on 
the exogenous phase of cholesterol metab- 
olism may be outlined as follows: 
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A. Decrease Ingested Cholesterol. Dietary 
restriction of cholesterol, although un- 
doubtedly an adjuvant of some utility in 
any regimen attempting to lower blood 
cholesterol, has not been found effective of 
itself. Little or no effect on the blood 
cholesterol has been observed in prolonged 
dietary studies employing very low or very 
high cholesterol diets. 143,144 

B. Decrease Absorption of Cholesterol. 1. 
By reducing the fat content of the diet: Fat is 
important not only in cholesterol synthesis 
but in cholesterol absorption as well. Hyper- 
cholesterolemia occurs after administering 
fat alone, 90 the blood cholesterol rising 
during absorption of fat parallel to the 
increase in blood fatty acids. 102 As Bloor 102 
has pointed out, the part played by the bile 
in supplying cholesterol to the blood has 
generally been overlooked, and the cho- 
lesterol of the bile, reabsorbed during fat 
absorption, may be sufficient to explain 
the increase in blood cholesterol after feed- 
ing of fat. Absorption of cholesterol occurs 
only in the presence of fatty acids. On a fat- 
free diet the cholesterol given can be 
recovered quantitatively in the feces. 145 A 
quantitative relationship has been found 
between the cholesterol content of the 
bodies of rats and the amount of fat fed on 
a constant sterol-poor diet. 146 Likewise the 
absorption of bile acids is decreased on a 
low-fat diet. 147 Clinically it has been shown 
that high-fat diets in diabetics favor and 
low-fat diets retard the appearance of 
hypercholesterolemia and arteriosclerosis. 26 
Significant decreases in blood cholesterol 
have been observed with the Kempner rice 
diet which has a very low fat content of 
approximately 5 Gm. 148 Unless dietary 
restriction of fat is extreme little or no effect 
on blood cholesterol can be anticipated. 

2. By exclusion of bile from the intestines: In 
view of the fact that considerable cholesterol 
depletion is effected by a biliary fistula, 149-152 
protracted non-surgical biliary drainage 
might accomplish considerable loss of cho- 
lesterol and bile acids. As already observed, 
the daily biliary excretion of cholesterol is 
at least 0.5 Gm. and of bile acids 2 Gm. 
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Increased biliary excretion of cholesterol 
and temporary lowering of blood cholesterol 
result from administration of lipotropic 
agents, 119-121 and (it is said) the feeding of 
powdered leaves of artichokes 153 and egg- 
plant 154 or injection of their aqueous ex- 
tracts. Such agents would undoubtedly be 
more effective in decholesterinization if 
intestinal reabsorption of the cholesterol 
excreted via the bile could be prevented. 

3. By interfering with pancreatic enzymes 
which are necessary for the esterification of choles- 
terol with fatty acids: It is of interest to note 
that in steatorrhea due to pancreatic in- 
sufficiency the blood cholesterol is unusually 
low. 155 Absorption of fat is impaired by 
quinine 156 and by sodium cetyl sulfate 157 
which inhibit lipases, thereby preventing 
lipolysis of neutral fat into fatty acids. 
Phosphorylation of fatty acids is an im- 
portant mechanism for their absorption. 
As already indicated fat absorption may 
be markedly impaired by iodoacetate and 
phlorizin which inhibit phosphorylation. 107 
Intestinal phosphate can be tied up and 
made unavailable for phosphorylation by 
administering aluminum hydroxide gels, 
which, in daily dosage of 120 to 160 cc., 
reduce urinary phosphate excretion by 
90 per cent. 

4. By eslerifying cholesterol with non-absorb- 
able fatly acids: Long chain fatty acids are 
poorly absorbed; arachidic acid of peanut 
oil, for example, is almost wholly excreted 
in the feces. 158 

5. By physical means which prevent cholesterol 
absorption: It has been shown that 20 cc. of 
liquid petrolatum taken two or three times 
daily before meals interferes with the ab- 
sorption of carotene. 159 It appears possible 
that the absorption of cholesterol might 
similarly be decreased and fecal excretion 
augmented by non-absorbable fat solvents 
such as mineral oil, or by steroid adsorbing 
agents such as silica gel. 

C. Increase Degradation of Cholesterol in the 
Intestines. 7. Bacterial destruction of ster- 
oids in the intestine. This is an important 
physiologic mechanism for the excretion of 
cholesterol. Cholesterol which is not esteri- 
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fled with fatty acids in the intestine to be 
absorbed is in part excreted unchanged in 
the feces, the greater amount, however, first 
being degraded in the colon before excre- 
tion. Degradation of cholesterol, which 
occurs in the body tissues to a negligible 
degree if at all, is accomplished by putre- 
factive bacteria in the colon. 100 One must 
conclude that these bacteria exercise an 
important physiologic function in aug- 
menting the excretion of cholesterol by 
degrading it into non-absorbable steroids, 
principally coprosterol. Different strains of 
coliform organisms vary greatly in their 
ability to destroy steroids. 101 When the 
bacterial flora of the colon is decreased by 
administering succinyl-sulfathiazole, the for- 
mation of coprosterol is abruptly halted. 102 

The degradation of cholesterol proceeds 
by oxidation to the ketone cholestenone 
followed by reduction to coprostanone and 
further reduction to coprosterol. 163 The 
primary oxidation of steroids to the keto 
form appears to occur in the cecum through 
the action of the micro-organisms Alkaligenes 
faecalis and Escherichia coli, as shown by 
studies of cholic acid catabolism. 104-108 The 
sequence of chemical changes in cholesterol 
degradation may be represented in the 
following manner: cholesterol ^ choleste- 
none — > coprostanone — > coprosterol. Copro- 
stanone and coprosterol cannot be absorbed 
from the intestine and once formed are 
excreted. Cholestenone, however, can be 
reconverted to cholesterol. The pathway 
taken by cholestenone depends on factors 
in the gastrointestinal tract and on the diet. 
In dogs fed cholestenone with a biscuit diet 
most is converted to cholesterol, whereas on 
a meat diet most of the cholestenone ad- 
ministered is excreted as coprosterol. 169 
It is probable that the effect of diet on 
coprosterol formation is due to the deter- 
mining influence of diet on the intestinal 
flora, a high-protein meat diet greatly 
favoring the predominance of coliform 
organisms 170-172 which possess the ability to 
degrade cholesterol. A certain portion of 
cholesterol is degraded by reduction to di- 
hydrocholesterol which, like coprosterol, is 
not absorbed and is excreted in the feces- 


It appears, therefore, that a high protein 
diet may afford a means of augmenting the 
conversion of cholestenone to coprosterol, 
decreasing the amount of cholestenone 
available for reconversion to cholesterol. It 
would appear worth while to explore the 
possibility of implanting strains of coliform 
organisms which possess a high capacity 
to accomplish degradation of cholesterol, 
since, as already mentioned, there is a 
marked difference in the ability of various 
strains of coliform organisms to alter 
steroids. 

2. Chemical destruction of steroids in the 
intestine: The observation that cooked brain 
administered in the diet, both to rats 173 
and dogs, 174 augments the formation of 
cholestenone from dietary cholesterol and 
causes a striking increase in the fecal excre- 
tion of coprosterol to fully 80 per cent of 
the fecal sterols is of great interest. It is 
believed that the substance which enables 
the organism to convert such large amounts 
of cholesterol added to the diet into copro- 
sterol via cholestenone is identical with or 
allied to the ccrebrosidc phrenosin. 173 The 
possibility of augmenting cholesterol deple- 
tion in man by this means certainly merits 
investigation. 

Numerous other chemical methods are 
known which, in vitro at least, degrade 
cholesterol and cholestenone. Thus choleste- 
none may be formed from cholesterol by 
the action of selenium dioxide 1 ' 5 and other 
oxidizing agents, 170 e.g., cupric oxide. 1 " 
Cholestenone may be fixed by ketone rea- 
gents as described by Girard, 176 in particu- 
lar by the hydrochloride of the hydrazide 
of betaine. Dinitrophenylhydrazine likewise 
combines with the unsaturated ketone 
cholestenone. 175 The aldehyde blocking 
reagent sulfite has been shown to inhibit 
sterol synthesis from acetate in yeast. 9 ' 
Cholestenone is reduced chemically by 
many agents such as aluminum isopropyl- 
ate. 178 To what degree such chemical 
agents can be employed in vivo remains to 
be determined. 

The reduction of cholesterol, to form 
dihydrocholesterol which, like coprosterol, 
cannot be absorbed from the intestines, is 
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slow and appears to offer less promise than 
the other methods considered. 

It is not possible to predict, a priori, 
which of the several agents considered will 
be found most feasible or effective in re- 
ducing blood cholesterol. It is apparent, 
however, from the above considerations of 
cholesterol metabolism that both in endo- 
genous and. exogenous phases cholesterol 
and fat are linked intimately. If cholesterol 
is the actual culprit in arteriosclerosis, fat 
is an active accomplice. Not only are 
cholesterol and fat found together in food 
sources, but they are integrally associated 
in intestinal absorption, in transport in the 
blood stream and in early atheromatous 
deposits. Perhaps the most important con- 
nection is the supplying of acetate by fatty 
acid breakdown as the major precursor in 
cholesterol synthesis. Stringent restriction 
of dietary fat, therefore, appears implicitly 
indicated in any regimen for lowering blood 
cholesterol. Experience indicates that slight 
to moderate dietary restriction of fat is of 
little value in this regard. If, as appears 
probable, the cholesterol level of the average 
American population is at such a high level 
as to predispose to arteriosclerosis, such a 
regimen of marked fat restriction should 
apply not only to individuals with hyper- 
cholesterolemia but to the general popula- 
tion as well. This would imply a drastic 
change in the American diet with far 
reaching effects on the nation’s economy. 
Before any such program can be urged as 
a public health measure alternative methods 
for lowering blood cholesterol should be 
sought; and it must be more firmly estab- 
lished (1) that low levels of cholesterol 
indeed- protect against arteriosclerosis and 
(2) whether it is practicable to lower and 
maintain a low cholesterol level through 
diet alone. 

removal of lipoids from the arterial 

WALL 

The intercellular fluid circulation, which 
brings nutrients and other constituents of 
the blood plasma into the vessel wall, is 
also responsible for their removal. The 
circulation through the vessel wall can be 
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observed by following the flow of India ink 
from the bloodstream across the intact 
endothelial membrane, through the inter- 
cellular spaces of the subintima and media 
to enter the lymphatics of the adventitia 
and ultimately the regional lymph nodes. 39 
Lipoid substances, too, follow this path of 
circulation and are transported through 
the arterial wall to be absorbed by the 
lymphatics. 179 Interference with lymphatic 
and vasa vasorum drainage of the inter- 
cellular fluid causes an accumulation of 
colloids, such as lipoids, in the arterial wall 
and impaired nutrition to the cellular ele- 
ments of the artery, favoring the develop- 
ment of atherosclerotic and degenerative 
changes. This has been produced experi- 
mentally by injuring the adventitia by 
cautery 180 and is observed clinically in 
luetic aortitis. Injury to the arterial adventi- 
tia causes edema and hemorrhage in the 
intima; and if combined with cholesterol 
and thiouracil feeding in dogs, subintimal 
aortic atheromas are produced in regions 
underlying the injured adventitia. 181 The 
atherosclerotic changes in the inner and 
medial layers of the aorta in regions under- 
lying the areas of luetic involvement of the 
adventitia in all probability result similarly 
from interference with the circulation of 
tissue fluid through the aortic wall. 

Certain factors aid the removal of such 
colloids as cholesterol from the subintimal 
tissue spaces of the arteries where they are 
prone to aggregate. Movement and massage 
in the arterial wall, just as in other tissues 
of the body, assist the flow and removal of 
such substances. As suggested by Wilens 182 
on the basis of experimental observations, 
the areas where lipoids accumulate perma- 
nently to form atheromas are not neces- 
sarily the same points at which they penetrate 
the intimal endothelial membrane from 
the blood stream, but rather they rep- 
resent areas in which the lipoids aggre- 
gate by a process of intramural migration 
through the subcndothelial tissue spaces of 
the arterial wall. The relative freedom from 
arteriosclerosis of muscular arteries, such as 
those of the diaphragm 183 and in the popliteal 
space, 184 is probably due to movement and 
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massage of these vessels causing lipoid 
migration. Arterial segments which are 
immobilized in bony structures or confined 
tissues such as the intracranial arteries, or 
are fixed as at points of bifurcation and 
branching, are particularly prone to arterio- 
sclerosis. Of interest are the observations of 
Westenhoflfer 183 and Moschkowitz 1 that 
atherosclerotic involvement of the posterior 
wall of the aorta occurs earliest and is most 
marked opposite the prominences formed 
by the projecting upper and lower borders 
of the vertebral bodies while the regions 
of the aorta opposite the middle portions of 
the vertebrae are comparatively free of 
arteriosclerosis. The factor of heightened 
pressure during systolic impact on unyield- 
ing vascular segments undoubtedly is im- 
portant as well as impairment of intramural 
lipoid migration. A further illustration of 
the importance of movement and massage 
in preventing aggregation of lipoids is seen 
in the branches of the coronary arteries in 
the myocardium which are subjected to the 
constant movements and massage caused 
by contraction of the heart. Arteriosclerosis 
is infrequent in these intramural branches 
of the coronary arteries , 34 whereas the 
immediately contiguous main coronary 
arteries which lie outside the heart muscle 
are among the vessels most vulnerable to 
arteriosclerosis. 

Another mechanism operates to aid in 
removing from the subintima lipoids which 
constantly enter from the bloodstream. 
This is phagocytosis by endothelial cells and 
histiocytes. Just as the other factors which 
contribute to the deposition and removal 
of colloids from the intercellular tissue fluid 
medium of the artery are illustrative of 
physiologic processes which operate in 
tissue fluids throughout the body, so, too, 
is phagocytosis of large colloidal molecules, 
which cannot circulate freely through tissue 
fluid to be removed directly via the lym- 
phatics, a function which is not unique in 
the arterial wall. It does not appear reason- 
able to attribute any special significance to 
the lipoid-laden macrophages, the foam 
cells, which are regarded by Leary 33 as 


wandering from the liver and playing a 
primary role in the deposition of lipoid in 
the formation of atheromas. That the oc- 
currence of foam cells is in fact a secondary 
phenomenon is indicated by the studies of 
Duff 6 who observed that anisotropic lipoid 
appears cxtraccllularly in the intima before 
any fat-containing cells are to be found. 
The observations of Hucper 1 '! in experi- 
mental atherosclerosis caused by a variety 
of macromolecular colloidal carbohydrates 
also indicate the secondary phagocytic 
nature of foam cells; the colloidal carbo- 
hydrates penetrating from the blood stream 
into endothelial cells and also directly into 
the subendothclial space where they are 
taken up by phagocytes which are thereby 
transformed into foam cells. Such foam 
cells migrate through the wall of the artery 
in the intercellular ground substance and 
spread out between the muscle cells in the 
media. They aggregate in the adventitial 
. layer around the vasa vasorum whence they 
are removed. 

In addition to mechanical influences and 
phagocytosis, chemical factors probably 
play an important role in the disposition of 
colloids which enter the arterial wall. Of 
particular interest is the observation that 
the distribution of lipids in the arterial wall 
and in early atheromas is very similar to 
that in the blood , 20-23 whereas in a more 
advanced stage of atheromatosis there is a 
greatly increased proportion of cholesterol 
and a decrease in the ratio of neutral fat 
and fatty acids . 21,23,186,187 Neutral fats and 
fatty acids are much more readily removed 
from the intercellular medium of the vessel 
wall than is cholesterol , 188 probably being 
utilized in part by the tissue cells of .the 
vascular wall. It has been suggested by 
Leary 2 that fibroblasts in the vascular wall 
bring about cholesterol lysis in atheroma. 
The fibroblasts, containing an excess of 
fatty acids, take up cholesterol and in these 
cells cholesterol esters are split, aniso- 
tropism is lost and the cholesterol is brought 
into solution in an excess of fatty acids; 
solution of cholesterol being followed by 
its disappearance from the lesions. Lipoid 
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changes effected in fibroblasts of the aorta 
are influenced by an agent in the blood 
plasma for which the name “antilipfanogen” 
has been proposed . 189 This heat-labile 
factor opposes the formation of fat granules 
in tissue cultures of aortic fibroblasts, pre- 
sumably by promoting cellular utilization 
of fatty acids. It is reported that this factor, 
which is contained in Cohn’s albumin 
“Fraction V,” is decidedly low in subjects 
with coronary artery disease in ratio to the 
fat depositing lipoid materials of the serum 
(lipfanogens ). 189 If cholesterol lysis by fibro- 
blasts is an important factor in the disposal 
of cholesterol in the vascular wall as em- 
phasized by Leary, an explanation may be 
offered for the predilection of atherosclerosis 
in regions where the intimal cushion is 
thickest, an anatomic circumstance recently 
pointed out by Dock 190 to account for the 
frequency of atheroma in males and in the 
coronary arteries in particular. Where little 
intercellular tissue space is present in the 
subendothelial layer, lipoidal material ag- 
gregates in the endothelial cells and histio- 
cytes , 191 whereas in a thick intima with 
abundant intercellular space a greater 
amount of lipoid exists free in the tissue 
spaces outside the cells where it undergoes 
precipitation. 

Agencies thus exist to effect the removal 
of colloids from the arterial wall although 
these are not particularly effective for 
cholesterol. Arteriosclerosis in its early 
atheromatous stage is not an irreversible 
process . 2-6 Small atheromatous accumula- 
tions of lipoid are regularly observed in the 
subintimal layer of the aorta in infants 
which disappear with further growth . 4 If 
ingestion of cholesterol is discontinued in 
animals in whom atheromatous changes 
have been produced, the lesions slowly 
regress and the lipoid atheroma are gradu- 
ally resorbed . 6 However, the mechanisms 
for the removal of lipoid from the arterial 
wall are not adequate to dispose of the 
lipoids constantly penetrating through the 
endothelial membrane. Over the span of 
decades increasing accumulation of lipoids 
occurs , 21,71as6 ' ls7 particularly in regions 
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where the subintimal tissue spaces are most 
abundant , 190 with the development of 
arteriosclerosis in progressively increasing 
degree with advancing age. Such increase 
in concentration of lipoids leads to their 
precipitation, for the concentration of 
cholesterol in the blood stream in man is at 
a level not far from the point of saturation . 91 

AGING AND ARTERIOSCLEROSIS 

There is a broad basic pattern of change 
in the intercellular environment common 
to all aging tissues. This has been studied 
in greatest detail in the arteries but as 
pointed out by Burger and Schlomka , 192 
and by Aschoff , 15 changes similar to or 
identical with those in the arteries attend 
the process of aging in other body tissues 
such as the crystalline lens of the eye, carti- 
•lage, bones, tendons and muscles, the heart 
and its valves, veins and the supporting 
framework of the spleen and kidney. 
Basically these changes consist of an accumu- 
lation and alteration in the colloidal con- 
stituents of the intercellular fluid. The 
accentuation of such age changes in the 
artery is to be attributed to the uniqueness 
of the factors determining its intercellular 
fluid formation and circulation, i.e., the 
high vascular filtration pressure which 
greatly increases the filtration of colloids 
from the blood stream across the endo- 
thelial membrane. The cholesterol content 
of the normal aorta increases with age, the 
increment being accentuated in individuals 
with hypertension, i.e., heightened vascular 
filtration pressure . 41 

The increasing accumulation with age of 
protein and lipoidal substances in the inter- 
cellular medium of various tissues was 
known to Virchow and has been studied in 
specialized aspects by many investigators. 
A progressive increase in the deposition of 
collagen in the intercellular tissue medium 
occurs with advancing age. 193,194 There is 
an accumulation of other protein-polysac- 
charide complexes, too, such as hyalin and 
mucin . 195 Equally significant is the pro- 
gressive increase with age in the amount of 
lipoids such as cholesterol, fatty acids, 
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lecithin and neutral fat, which accumulate 
in the intercellular fluids by passage from 
the blood stream across the capillary endo- 
thelial membrane . 71,184 ' 196,197 

Not only do the intercellular colloids 
accumulate with age but they undergo 
important physical changes. Thus Benslcy 198 
has shown that the intercellular ground 
substance varies markedly with physiologic 
age. Originally a continuous jelly-like homo- 
geneous substance derived from connective 
tissue fibroblasts, there occurs with increas- 
ing age a progressive condensation with the 
formation of reticular fibers which develop 
to form collagen and elastin. The colloidal 
changes with age, as Wells 91 has empha- 
sized, are similar to the changes which 
occur in all colloidal gels such as rubber or 
gelatin with aging. Cited by Wells 91 and 
others 199-201 as the basis of aging of proto- 
plasm, such colloidal changes more properly 
apply to the intercellular fluid than to 
cellular protoplasm. The cellular proto- 
plasm, just as the intercellular fluid, is in a 
colloidal state. The cell, however, by ex- 
tracting energy from the environment is 
able to preserve its “orderliness,” or a low 
state of entropy, to use Schrodinger’s 
phrase , 202 and so to maintain its normal 
colloidal properties. With a suitable en- 
vironment, as tissue culture studies have 
made clear, the cell is potentially immortal. 
The intercellular fluid on the other hand, 
although part and parcel of the body, is not 
truly a living unit and is not possessed of 
the vital properties necessary to maintain 
its functional equilibrium. The inanimate 
intercellular colloidal fluid is subject to the 
same physical deterioration with age as 
affects all non-living colloids. Obeying the 
law of all matter, with progressive increase 
in entropy the properties of colloids are 
altered and they lose their ability to bind 
fluids, with consequent changes in their 
physical characteristics. Due to loss of 
similar -electric charges, whose repellant 
effect keeps colloidal particles in a finely 
dispersed state, their fine dispersion- is 
diminished with aggregation into coarser 
granular phases, their adsorptive capacity 


is decreased with a reduced ability to bind 
water and there is a decrease in their 
elasticity, permeability and chemical re- 
activity . 91 Ultimately the colloidal gel, as 
it loses its colloidal properties, is transformed 
into a granular precipitated state. These 
are phenomena that may be observed in 
the test tube with any colloidal solution 
such as gelatin. 

The progressive accumulation of colloids 
and their physical alterations with time 
causes a marked change in the colloidal 
properties of the intercellular fluid, similar 
to the changes which may be observed in 
colloids in the test tube. A precipitation of 
some colloidal constituents, particularly 
cholesterol, occurs. Under the microscope 
changes in the colloidal dispersion of the 
intercellular fluid arc visible as a coarsening 
of the ground substance, and a granular 
degeneration of the collagen fiber bundles, 
and even more strikingly, granulation and 
fragmentation of the elastic fibers of the 
intercellular medium . - 03 ' 204 

Such changes constitute the background 
of arteriosclerosis of the medial type so 
characteristic of aging. The elastic fibers of 
the arteries arc, as elsewhere in the body, 
inanimate colloidal constituents of the inter- 
cellular tissue spaces. Quite independent 
of the other changes in the intercellular 
medium of the arteries, such as atheroma- 
tous formation, they undergo progressive 
degeneration with age, causing the arteries 
to lose their elasticity. Medial sclerosis is a 
distinct entity apart from atherosclerosis 
although it is accentuated by lipoid accumu- 
lation and degeneration. Since the nutrition 
of the medial musculo-elastic layer of the 
arteries is accomplished chiefly by penetra- 
tion of nutrients directly from the blood 
stream through the intimal membrane and 
subintimal space, and only secondarily by 
the small vasa vasorum capillaries from the 
outer adventitial coat of the arteries, it is 
understandable that accumulation of lipoid 
in the subintimal space forms a mechanical 
barrier to the flow of nutrients to the muscle 
cells of the artery thereby causing degenera- 
tion. An observation of Horn and Finkel- 
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stein 34 is of interest in this regard: “Another 
frequent accompaniment of arteriosclerosis 
is medial atrophy, which appears to be 
directly proportional to the thickness of the 
adjacent (arteriosclerotic) plaque.” 

That impairment of nutrition to and 
metabolism of the cellular elements of the 
arteries actually occurs is indicated by the 
recent report of Raska , 205 demonstrating a 
decrease in respiratory enzyme catalysts in 
arteriosclerotic aortas. Such decrease in 
oxidative catalysts is a general indication 
of impaired metabolism and can be pro- 
duced experimentally in various organs by 
interfering with their nutrition . 206 The 
decrease in respiratory catalysts in arterio- 
sclerotic lesions may in part be due to 
impaired .metabolic activity of the fibro- 
blasts as well as the muscle cells. The func- 
tional capacity of fibroblasts decreases 
markedly with aging, as shown by Du 
Noiiy 207 who found the index of cicatriza- 
tion, which is largely an index of fibro- 
blastic functional activity, to be a precise 
measure of physiologic age. This progressive 
impairment is not due to inherent aging 
of the fibroblast cells themselves for con- 
nective tissue fragments of an old animal 
placed in young embryonic tissue fluid 
resume their full functional activities with 
potential immortality . 208 Aging of the sup- 
portive tissue fibroblasts, just as aging of 
the parenchymal cells, is due to changes in 
the intercellular medium of the arteries. 
If, as Leary 2 believes, the fibroblasts in the 
arterial wall exert lipolytic activity, im- 
pairment of this activity with age may 
accentuate the development of arterio- 
sclerotic lesions. Leary 2 states, “With pro- 
gressing age the body gradually loses the 
power to remove excess cholesterol from 
the arteries. The lipolytic fibroblasts con- 
tinue to function for some time but with 
little effect on advanced lesions.” 

SECONDARY CHANGES IN ARTERIOSCLEROSIS 

The primary event in the genesis of 
atherosclerosis is the deposition of lipoids 
in the intercellular ground medium just 
within the endothelial membrane, with 
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subsequent formation of atheromatous lipoid 
accumulations due to mechanisms which 
have already been described. The further 
course of changes in arteriosclerosis is 
secondary. As suggested, interference with 
the circulation of tissue fluids in the vascu- 
lar wall leads to impairment in the meta- 
bolic activities of the muscular media and 
of the fibroblast cells, decreasing their 
lipolytic activity. These disturbances in the 
functions of the cellular elements of the 
vessel wall are indicated by a decrease in 
oxidative catalysts, and anatomically by 
muscle atrophy, accentuating the colloidal 
degenerative changes in the elastic fibers 
of the media, i.e., medial arteriosclerosis. 
More important secondary changes occur 
in the subintima itself where the lipoids 
initially accumulate. These changes include 
the heaping up of large aggregates of 
lipoid in the form of plaques, precipitation 
of cholesterol crystals and calcium, accumu- 
lation of scavenger cells which become laden 
with lipoid to form foam cells in a futile 
attempt to remove the lipoid, these cells, 
together with other elements, undergoing 
degeneration. As elsewhere in the body 
where tissue injury occurs, connective tissue 
reaction and collagen production take 
place. Another change, also a characteristic 
reaction to tissue injury elsewhere in the 
body, is the growth into and around the 
arteriosclerotic lesions of an abundant 
network of small blood capillaries. Regarded 
thus, as a tissue reaction similar to histo- 
pathologic changes in other organs, there 
appears to be no necessity to invest foam 
cells or vasa vasorum with any special 
causal attributes in the genesis of arterio- 
sclerosis. The observations of Duff 6 indi- 
cating that anisotropic lipoid appears 
extracellularly in the intima before any fat- 
containing cells are to be found, and Hucper’s 
similar findings with atheromatosis pro- 
duced by macromolecular colloidal carbo- 
hydrates , 13 ' 34 indicate that foam cells are 
in fact a secondary phenomenon. Vascular- 
ization of atherosclerotic lesions likewise 
must be regarded as a secondary reactive 
phenomenon . 33,34 
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These secondary changes are ineffectual 
in accomplishing resolution of the ather- 
omatous accumulations and indeed con- 
tribute significantly to the further evolution 
of arteriosclerotic lesions and their impor- 
tant clinical complications, i.e., narrowing 
or obstruction of the arterial lumen. As 
described by Horn and Finkclstcin , 34 such 
complications may develop in several ways. 
These include progressive narrowing and 
ultimate occlusion of the lumen by large 
arteriosclerotic plaques, “thrombosis on a 
plaque” whose overlying intima is necrotic, 
degeneration of an arteriosclerotic plaque 
with rupture of the “atheromatous abscess” 
through the endothelium and secondary 
thrombus formation, intramural hemor- 
rhage causing degenerative changes in the 
intima and ensuing thrombosis on the 
damaged endothelium, and hematoma of 
the arterial wall due to hemorrhage in an 
intramural vessel causing compression of 
the lumen. 

These are the ultimate complications of 
arteriosclerosis. Unlike the early subendo- 
thelial lipoid accumulations, the primary 
atheroma, they are irreversible changes 
which cannot disappear. It is obvious that 
arteriosclerosis in these advanced stages 
cannot be “cured,” and that the problem 
of arteriosclerosis is principally one of pre- 
vention before such irreversible anatomical 
changes have developed. 
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W ithin recent years many informa- 
tive observations concerning the 
mechanism of cardiac failure 
have been added to the record. A number 
of these studies entailed animal experiments 
from which indirect though valuable data 
regarding heart disease in man may be 
derived. Many of the recent studies in- 
cluded observations of cardiac performance 
in normal individuals and in patients with 
heart disease. In the latter instances tech- 
nical refinements were utilized permitting 
the observation of certain infracardiac and 
intravascular pressure relationships and 
an accurate determination of cardiac output. 
Although the pathologic physiology of heart 
failure has been widely investigated, the 
employment of newer methods in the study 
of cardiovascular physiology in man has 
recreated a lively interest in the problem. 
At present new ideas are advanced in rapid 
succession and many older concepts are 
being revised. It may be of some value to re- 
examine the question of the genesis of 
cardiac failure in the light of valuable 
evidence from clinical and experimental 
observations now at hand. 

MYOCARDIAL INJURY 

It is quite admissible that failure of the 
heartarises in consequence of primary injury 


to the myocardium. The association of 
clinical heart failure with coronary disease, 
hypertrophy of the muscle fibers and other 
morphologic changes of acquired and con- 
genital lesions is so familiar that further 
comment is unnecessary. However, the 
means by which myocardial damage invokes 
failure of the organ is poorly understood . 39 
It seems probable that adequate knowledge 
of the fundamental myocardial defects 
must be contingent upon a more .thorough 
understanding of muscle physiology . 60 

Attempts to produce heart failure under 
experimental conditions have met with 
some success. Using the heart-lung prepa- 
ration, the administration of chloral hy- 
drate, chloroform, potassium chloride or 
other agents which are noxious to the 
myocardium 31 " 13 ' 12 ' 1 impairs the mechanical 
efficiency of the ventricles 34 causing dilata- 
tion of the heart, a rise in left and right 
intra-auricular pressures and a decrease in 
minute volume output of the ventricles. 
Similar results have been obtained in heart- 
lung preparations by the use of vasocon- 
stricting drugs to reduce coronary flow 123,136 
or by ligation of the coronary arteries . 124 In 
the study of circulatory dynamics use of the 
heart-lung preparation has offered certain 
fundamental suggestions of myocardial func- 
tion ; 101 however, the usefulness of such 


* From the Cardio-Vascular Division, Department or Medicine, Washington University School of Medicine, St. Louis. 
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preparations is restricted and the qualitative 
nature of the myocardial injury producing 
heart failure is self-evident. 

On the other hand, the use of the heart- 
lung 105,124 and isolated heart preparations 94 
have brought forward data on the energy 
metabolism of the normal and failing heart. 
Under normal conditions the heart per- 
forms increased mechanical work by virtue 
of its propensity to dilate optimally (i.e., by 
increasing initial fiber length). The per- 
formance of greater work and increased 
diastolic size is attended by an augmentation 
of oxygen consumption . 32,124 Starling and 
Visscher 124 showed that the oxygen con- 
sumption of the heart varied with the initial 
length of its muscle fibers. Furthermore, 
convincing evidence has been evolved 94 '^ 05 
to show that as the heart becomes fatigued 
(and eventually fails), dilatation of the 
ventricles exceeds the limit normally re- 
quired for optimum energy liberation. 
Oxygen consumption is further augmented. 
In spite of the greater dilatation and in- 
creased oxygen utilization the work output 
falls off and the mechanical efficiency of 
the heart becomes curtailed. These con- 
siderations are of great interest in the 
matter of clinical heart failure. The long- 
standing strains and resulting myocardial 
hypertrophy from chronic hypertension or 
valvular disease , 39,51 and the restriction of 
coronary flow from these or other causes 
may seriously deplete the efficiency of the 
pump. 

Experimental injury to the normal heart 
in animals with intact circulation is no less 
interesting. It has seemed rather striking 
that the infliction of injury to localized, areas 
of the heart muscle may not induce heart 
failure so frequently. Coelho and Roche ta 20 
and Orias 100 ligated the coronary arteries of 
the exposed hearts of dogs; they noted only 
occasionally the occurrence of failure and 
pulmonary edema. Likewise, it is often 
possible to produce large infarcts in such 
heart preparations without evidence of 
functional breakdown . 48 In a number of 
experiments Roos and Smith 113 were able 
to ligate the three major coronary vessels 
JANUARY, 1949 
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of the hearts of dogs so that only small 
segments pf intact muscle were visible. 
Ventricular fibrillation frequently occurred 
but heart failure was not observed. The 
remarkable experience of Starr, Jeffers and 
Meade 127 is noteworthy. They burned the 
right ventricles of dogs with a cautery so 
that large masses of the muscle were 
rendered necrotic. Despite such severe 
damage heart failure was not noted; no 
conspicuous rise in venous pressure occurred 
except terminally in some instances. In con- 
trast to these studies, experimental myo- 
cardial damage tending to involve all or most 
of the normal heart muscle has seemed more 
consistently to provoke cardiac decompen- 
sation. The administration of chloroform 
or potassium chloride 52 or diphtheria toxin 
to dogs gives rise to some features of heart 
failure. However, cardiotoxins often exert 
deleterious effects on the peripheral vascular 
system so that the significance of dynamic 
changes may be difficult to judge in such 
experiments. 

With the suggestion that generalized 
myocardial injury might significantly lower 
myocardial reserve and provoke failure, 
Roos and Smith 113 exposed the hearts of 
dogs with intact circulation and -inflicted' 
heart muscle injury by embolization. of the 
coronary vessels with starch granules. They 
were able to demonstrate widespread dam- 
age to the cardiac tissue. Futthermore, they 
found that acute congestive heart failure 
resulted rather consistently from this form 
of tissue insult, manifested by marked ven- 
tricular dilatation, a fall in arterial pressure 
and peripheral venous engorgement with 
hepatic and pulmonary congestion. 

In the light of these experimental sugges- 
tions it is possible that heart failure may be 
associated with myocardial changes which 
functionally incapacitate all or most of the 
muscle even though morphologic muscle 
change may be slight or absent. Localized 
myocardial death, unless superimposed on 
established disease processes or unless pro- 
ductive of ventricular fibrillation, appears 
to be less apt to provoke myocardial 
decompensation. 
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DYNAMICS or MYOCARDIAL FAILURE 

The fluid dynamics of the normal heart 
and circulation, and the changes wrought 
by failure of the heart, arc complex and 



Fig. 1 . Schematic diagram ot the heart-lung prepara- 
tion and heating unit as used in this laboratory. Ven- 
ous reservoir and arterial connections of the preparation 
are enclosed in a constant temperature water bath. 
Note cannula tied into the superior vena cava which 
conducts blood from the venous reservoir to the right 
auricle. Arterial cannula is tied into the brachiocephalic 
artery which in the dog is the first branch of the aorta. 
The left subclavian artery and the aorta distal to it are 
securely ligated. The azygos vein and inferior vena 
cava are likewise tied off. Respiration is maintained by 
a Starling pump connected through an intratracheal 
cannula (not shown). A pinch clamp is usually applied 
to the venous tubing to regulate inflow and therefore 
output of the preparation. The peripheral resistance is 
secured by means of a section of Penrose tubing en- 
closed in a glass chamber; the tubing is compressed by 
air to any desired pressure. Such a preparation may be 
removed completely from the body of the dog but is 
usually left within the thoracic cage for mechanical 
stabilization. 

difficult to describe. Although many facts 
are at hand pertaining to this problem, the 
interpretation of these factual data is by no 
means agreed upon. For the purposes of 


this review, the more pertinent data will be 
presented briefly. 

Starling's Experiments with the Heart-Lung 
Preparation: The. Laiv of the Heart. In 1914 
Patterson and Starling 101 described the 
circulatory dynamics studied in the heart- 
lung preparation, amassing data from the 
wide experience of Starling and his pupils 
in the use of the preparation. (Fig. 1.) It 
should be recalled that the heart-lung 
preparation entails isolation of the cardio- 
pulmonary circulation from the body, using 
an artificial peripheral resistance. A venous 
reservoir is connected to the right atrium 
for the inflow of blood to the heart. The 
heart and lungs are entirely denervated. 
The arrangement permits the individual 
control of the venous inflow (and cardiac 
output), “arterial” resistance and heart 
rate within certain limits. The information 
derived from these studies has been con- 
sidered fundamental and has had great 
bearing on studies of cardiovascular func- 
tion to the present. The essential points of 
these studies may be described as follows: 

Patterson and Starling pointed out that 
the heart muscle is analogous to skeletal 
muscle in that following a contraction the 
muscle fibers must be lengthened by some 
stretching force before another effective 
contraction can occur. The lengthening 
force to the ventricular muscle is provided 
by the inflow of blood from the atria. 
Normally the pressure of inflow to accom- 
plish distention may be very small. If, then, 
the venous inflow is cut off, the ventricles do 
not dilate in diastole and the heart beats 
for a time in emptiness. Oppositely, if 
venous inflow is in operation and ventricu- 
lar diastole should become greatly pro- 
longed, the inflowing blood will forcibly 
distend the ventricles to the maximum 
extent. In the regularly beating preparation 
the occurrence of the succeeding ventricular 
contraction prevents extreme distention of 
the chamber. Therefore, in the properly, 
functioning heart-lung preparation, with 
moderate peripheral resistance (i.e., 100 
mm. Hg) and regular rhythm, the rate 
and pressure of venous inflow may be ad- 
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justed to fill the ventricles during diastole 
without causing undue distention. Cardiac 
output then equals venous inflow. If due 
care is taken to keep the blood fresh, this 
circulatory load may be compatible with 
long periods of function. 

Now if the venous inflow is further in- 
creased, greater tension will be exerted on 
the ventricular walls by the inflowing blood 
during diastole, and the ventricles fill and 
distend more rapidly before the following 
systole halts the process. The result is an 
increase in stroke output and, with constant 
heart rate, an increased minute volume flow 
from the heart. It is clear from these experi- 
ments that in the heart-lung preparation 
the cardiac output" can be augmented by 
increased return of blood to the heart. 
Patterson and Starling found that this 
increased inflow to the heart, however, was 
attended by an elevation of venous pressure. 
Changes occur in this picture if the heart 
begins to tire. Assuming the inflow is sus- 
tained, as the force of systolic ejection 
diminishes residual blood will remain in 
the ventricles at the end of systole tending 
to hold up blood entering from the atria. 
The venous pressure then will rise and a 
greater distending force against the ventri- 
cles occurs, becoming more pronounced as 
the power of systolic contraction is gradually 
lost. Under these conditions the elevated 
venous pressure is associated with decreased 
cardiac output. A picture then emerges 
which seems analogous to the venous 
hypertension of clinical heart failure. 

Patterson and Starling further indicated 
that other means besides the elevation of 
venous pressure operate to increase cardiac 
output. By "heating or cooling the prepara- 
tion to change the heart rate, they were able 
to show that with a given constant venous 
inflow, alteration of heart rate does not 
change the cardiac output per minute. 
Changes in heart rate affect individual 
stroke volumes but the net output per 
minute • remains the same. Under these 
conditions a more rapid heart rate lowe’rs 
the venous pressure. It is obvious that ad- 
justments in die preparation may be made 
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so that an increase in heart rate results in 
an increase in cardiac output with the venous 
pressure remaining constant. In order to do this 
a corresponding increase in venous inflow 
must be established. 

The reports of Patterson and Starling are 
punctuated with the repeated observation 
that as a greater dilating force is applied to 
the ventricles they contract more vigorously. 
They point out a relationship between the 
diastolic volume and the energy output of 
the succeeding systole. This relationship was 
then described by Patterson, Piper and 
Starling 102 as “the law of the heart.” They 
state: “The law of the heart is therefore the 
same as that of skeletal muscle, .namely, 
that the mechanical energy set free on 
passage from the resting to the contracted 
state depends on the area of ‘chemically 
active surfaces’; i.e., on the length of the 
muscle fibers.” 

Patterson and Starling made the circum- 
spect statement that the dynamics of the 
heart-lung preparation are not strictly com- 
parable to those in the intact animal and 
man. They were particularly concerned 
with the absence of negative intrapleural 
pressure effects in their experiments. In 
order to test negative pressure effect the 
hearts of heart-lung preparations were en- 
closed in cardiometers to which' negative 
tension was applied. The results bore out 
the fact that readings in the venous mano- 
meters were reduced by the amount of the 
negative pressure used. Subsequently, Daly 24 
enclosed heart-lung preparations in negative 
pressure chambers. He found that negative 
• pressure expansion of the lungs produced a 
rise in cardiac output which he thought was 
due to the fall of resistance in the pulmonary 
vascular bed. Although the venous pressures 
were not reported in his paper, the trends 
indicate that ventricular filling was en- 
hanced under negative pressure and that 
repercussions might be expected on the 
venous system in a lowering of venous 
pressure. 

Measurement oj Circulatory Flows and Pres- 
sures in Man. The perfection and utilization 
of the technic of right atrial catheterization 
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in man has broadened the horizons of study 
of cardiovascular physiology in normal 
persons and in those with heart disease. 
The essential features of the tcchnic :i: need 
no introduction. In general, the method 
has proved of particular value in the 


Tabu-: i 

CARDIAC INDEX AND CARDIAC OUTPUT OFNORMAE HUMAN 
SUBJECTS 


Author i 

Method 

Employed 

: 

Results 

i 

j 

Cournand ct al. 2S 

Direct Fick 

[3.12(2.12-4.01) 



(index) 

Starr I 

Ethyl iodide 

2.45 (index) 

Nylin 

i Acetylene 

2.46 (index) 

Stead et al. 1 ** 

Direct Fick 

3.2 (2. 6-3. 9) 

1 

1 

(index) 

Grollman” 1 

Acetylene 

2.2 (index) 

McMichael et al. 89 . . . 

Direct Fick 

5.3 L./min. 



(output) 


recording of central venous, pulmonary 
arterial and right heart pressures. It has 
also provided a method of cardiac output 
determination when used in conjunction 
with the Fick principle 37 devised nearly 
eighty years ago. The Fick principle de- 
pends upon the calculation of the volume 
of blood passing through the lungs as 
determined by the uptake of oxygen and 
the rate of oxygen consumption. Details of 
the calculation will not be repeated here. 
The sampling of blood from the right atrial 
or ventricular cavity, made possible by the 
catheter method, provides a specimen of 
well mixed venous blood from all areas of 
the body. Although the cardiac output 
may be expressed in liter output per minute 
in individual cases, in order to unify the 
results relative to body size the output is 
frequently expressed as the minute volume 
output per square meter of body surface 
(i.e., cardiac index). Some workers 28,89 have 
preferred to describe cardiac output in 
relation to oxygen consumption per minute. 

Normal values for cardiac output and 
cardiac index in man are compiled from 

* For history and technical details of the method cj. 
references in Richards’ paper. 112 


the reports of several workers and arc 
shown in Tabic i. 

Although right heart catheterization and 
the Fick principle have been most widely 
utilized for cardiac output studies in recent 
years, it must be borne in mind that such 


Tabu-: ii 

COMPARISON OF DIRP.CT PICK METHOD AND DYE METHOD 
IN ESTIMATING CARDIAC OUTPUT* 


Patient 

Direct 

Fick 

Method 

Dye 

Method 

Bronchiectasis, right pneumonee- 

4.7 

5.5 

Chronic cmphvscma, fibrosis 

5.7 

6.5 

Normal 

4.7 

5.6 


10.1 

13.6 


7.1 

9.6 


11.4 

15.1 


6.2 

6.2 


8.2 

8.4 

Heart failure 

4.1 

3.1 

Heart failure 

5.7 

5.6 

Hypertension 

6.2 

5.0 


* Compiled from the work of Hamilton ct al. 50 ' 1 
showing cardiac output in liters per minute. 


figures of cardiac output should be inter- 
preted as indicating only general trends of 
output. Individual values should be evalu- 
ated with caution. Hamilton and a large 
group of co-workers 50 " recently pointed out 
that the use of the dye method or the direct 
Fick procedure gave figures for cardiac 
output varying as much as 25 per cent in 
most instances. However, the results, with 
variable outputs, remained comparably 
similar. Therefore, employing either method, 
the trends of output become more reliable 
than do isolated values of output. There are 
errors and disadvantages in the use of either 
technic but it should be pointed out especi- 
ally that the Fick principle, so widely used 
recently, is likewise vulnerable, for small 
differences in arteriovenous oxygen content 
may greatly magnify changes in the calcu- 
lated cardiac output. (Table ii.) 

The effects on the dynamics of the heart 
and circulation of negative pressure, as 
shown by experiments on the heart-lung 
preparation, suggest that intrathoracic pres- 
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sure changes may exert important effects on 
cardiac performance in man. In this respect 
the contribution of Lauson and his associ- 
ates 73 appears to be of importance. They 
studied the pressures in the right heart 
chambers, peripheral veins and systemic 
arteries in relation to various forms of 
respiration and in four instances with intra- 
pleural pressure measurement. Their records 
show that during moderately deepened 
respiration a distinct pattern of pressure 
fluctuation is seen (both in the heart cham- 
bers and in the peripheral arteries) which 
are accentuated over the minimal fluctua- 
tions seen on quiet breathing. The tracings 
strikingly show that the fall of intra-auricu- 
lar pressure associated with the onset of 
ventricular ejection is greater during in- 
spiration than during expiration, due to 
the greater negativity of intrapleural pres- 
sure in the former. The difference in the 
pressure in the right atrium at the end of 
diastole and the pressure in the intrapleural 
space (the “net” auricular pressure) is 
increased in inhalation and lessens during 
exhalation. Similarly, the pressure in the 
right ventricle at the end of diastole and 
at the peak of the succeeding systole de- 
creases during inspiration. At the height 
of inspiration these pressures, in relation to 
the negative intrapleural pressure (i.e., the 
“net” pressures), are increased just as in 
the case of the auricles. If the stroke volume 
of the right ventricle varies as a function 
of the net pressure of the filled ventricle at 
the end of diastole, an increase in stroke 
output of the right ventricle in inspiration 
occurs. Pressures in the femoral artery, 
recorded simultaneously, also indicate that 
left ventricular output waxes and wanes 
with expiration and inspiration, respec- 
tively. Lauson’s group then brought forward 
evidence to show that these changes in 
right and left ventricular output, associated 
with respiration, arc most probably due to 
changes in the resistance of the pulmonary 
vascular bed. In short, during inspiration 
more blood is held in abeyance in the lung 
and the left ventricular output decreases. 
In expiration, the opposite effects occur. 


89 

The lungs, therefore, function as a sponge 
absorbing and then releasing fluid with 
changes in capacity of its vessels. 

The net pressure fluctuations measured 
by right heart catheterization delineate the 
essential features of Starling’s law of the heart 
in the case of the right ventricle: the greater 
the net pressure at the end of diastole, the 
greater is the net pressure. developed at the 
peak of the following contraction. 

Lauson et al. were able to demonstrate 
that exaggerated breathing and the per- 
formance of the Valsalva or Mueller 
maneuvers produced striking changes in 
right auricular tension. Marked rise in 
intrapleural pressure was associated with 
elevation of pressure in the auricular 
chamber while forcefully induced negative 
pressure produced striking depressions of 
auricular tension. 

The importance of such data is evident 
and must receive further consideration as 
other factors are brought out concerning 
heart failure. 

Cardiac Output in Myocaidiat Insufficiency. 
From the rather didactic demonstrations 
in the isolated heart with controlled circula- 
tion 101 one might expect that with a 
sustained venous return failure of the myo- 
cardium must be attended by a diminished 
systolic ventricular output. A reduction in 
cardiac output does, in fact, occur in many 
instances of heart failure reported in 
man, 53 '" 91 ’ 1 ”' 131 However, frequently in 
cardiac insufficiency in man, output of the 
heart may be within normal range or even 
elevated above normal standards. Sum- 
marizing his data of output determination, 
Harrison 53 noted that: (1) the cardiac out- 
put may be normal, decreased or increased 
in patients with congestive heart failure; 
(2) the average range and values for cardiac 
output are similar in patients with heart 
disease whether actual failure is in progress 
or not; (3) in congestive disease with 
clinical improvement there may be an 
increased, diminished or normal output; (4) 
apparently normal individuals may have 
output figures as low as those in patients 
with heart failure. The acetylene method of 
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outflow determination, with its inherent 
faults, was used in obtaining these data.* 
The technic of right heart catheterization 
and the Tick principle has, in general, 
confirmed Harrison’s observations. Stead 
and his co-workers 130,13 ' 1 and Richards 112 
have noted that in heart failure the cardiac 
output may be at normal standards, ele- 
vated or depressed. There is, nevertheless, 
a trend toward decreased cardiac output 
in cardiac insufficiency. Merrill 91 found a 
normal range of cardiac index of 2.3 to 4.1 
(average 3.3) in healthy persons. In twenty- 
three cases of congestive heart disease the 
average cardiac index was below the normal 
mean in twenty cases. In ten of these 1 after 
cases the cardiac index was below 2.3 which 
is the lowest limit of the normal standard. 

However, Stead ct al. 134 and others have 
expressed uncertainty as to the reason for 
the lack of correlation between the state of 
heart failure and the resting cardiac output. 
A number of workers have made empirical 
suggestions as to factors influencing cardiac 
output during failure. 39,47,91 Stead, Warren 
and Brannon 134 studied two patients with 
severe anemia with congestive heart failure 
and two others in failure with thyrotoxico- 
sis. These patients exhibited cardiac outputs 
that were considerably higher (cardiac 
indices of 4.5 or over) than is expected in 
persons of their size. These findings showed 
that congestive failure may develop in 
certain individuals before the resting cardiac 
output can fall to levels seen in normal sub- 
jects; this may be particularly true when 
thyrotoxicosis, anemia or other conditions 
are present to drive the cardiac output 
upward in response to the metabolic needs 
of the body. The suggestion is supported 
by the well known fact that anxiety 133 is 
one of the important causes of elevation of 
heart output in normal persons. Recently, 
augmented cardiac output has been noted 
in patients with thyrotoxicosis without 
circulatory insufficiency. 13 Brannon and his 
group 12 determined the cardiac output in 

* For methods of cardiac output previously employed 
refer to monographs of Grollman 47 and Harrison 53 and 
the paper of Hamilton . 60 


eighteen patients .with chronic anemia who 
did not have heart Failure. In patients with 
hemoglobin values below 7 Gm. per cent 
and with hematocrits below 20 the cardiac 
output was usually elevated above resting 
output levels. In nine instances the hemo- 
globin was below 5 Gm. per cent and the 
average cardiac index was 6.5. Patients 
with moderate chronic anemia showed no 
significant changes in heart outflow. The 
results give added force to the suggestion 
that in a critical degree of anemia the blood 
requirements of the body are increased so 
that output and peripheral vascular flow 1 
arc elevated. If myocardial insufficiency 
develops, the cardiac output falls but it still 
may range within or above normal resting 
output. 

In summary, the evidence indicates that 
heart failure occurs when the myocardium 
fails to deliver sufficient blood for body 
requirements, and the level of cardiac out- 
put may range from high to low (as against 
normal standards). The important con- 
sideration is that with cardiac failure 
the existing cardiac output, whatever its 
quantity, becomes inadequate to sustain 
normal body function. 130 

Effects of Heart Failure on Venous Pressure; 
Influence of Changes in Blood Volume and in 
Arterial Resistance. It will be recalled that 
in the controlled circulatory preparation 101 
myocardial fatigue and failure of effective 
systolic ejection leads to increased residual 
ventricular blood at the end of systole. 
Inflow of blood to the heart is impeded 
and the venous pressure must rise. Dilata- 
tion of the heart occurs. Applied to the 
dynamics of the failing circulation in man 
this explanation for the elevation of venous 
tension seems simple and direct. 53,99 

The reconstruction of events in congestive 
heart failure leading to venous hypertension 
may be put as follows: 28,53 It is assumed that 
the right and left ventricles expel a given 
equal quantity of blood per stroke, but as a 
result of hypertension or other myocardial 
strain the stroke output of the left ventricle 
is reduced. Blood inflow to the left ventricle, 
however, remains unchanged; the left 

AMERICAN JOURNAL OF MEDICINE 



Mechanism of Heart Failure — Paine, Smith 


ventricle now receives more blood than it 
ejects. The pulmonary venous and left 
auricular tensions must then rise. The 
venous pressure changes in these chambers 
is probably largely dissipated because of 
their distensibility. The left ventricle, in 
order to accommodate the inflowing blood 
as well as the residual blood after the previ- 
ous beat, now dilates and the greater 
diastolic stretch of the muscle fibers pro- 
vokes stronger systolic contraction. The 
stroke volume is augmented. The cardiac 
output may then be restored to its original 
value but at the expense of increased dias- 
tolic size and elevated venous tension. 
These events may occur repeatedly and in 
varying degree, finally to include the right 
ventricle, auricle and peripheral venous 
system . 28 

Studies by Landis and his co-workers 88 
indicate that changes in mechanics of circu- 
lation may lead to increase in venous 
pressure. They “exercised” normal, anes- 
thetized dogs by electrical stimulation of 
the extremities. Such muscular activity 
evoked a tachycardia and a fall of venous 
pressure. When the myocardia of these 
dogs were damaged by interference with 
the coronary circulation, the venous tension 
did not rise during inactivity; however, 
when muscular movements were induced 
tachycardia occurred and venous pressure 
usually rose. In some experiments the 
venous pressure fell with muscular activity 
in dogs with damaged hearts but the fail 
was not so marked as in the animals with 
undamaged hearts. Unfortunately, these 
workers reported only very few experiments 
and none in which severe cardiac damage 
had been inflicted. Nevertheless, the evi- 
dence suggests that the picture of heart 
failure may be precipitated by physical 
activity when the “competence” of the 
heart muscle is impaired. 

Observations on experimental heart fail- 
ure were carried further by Roos and 
Smith . 113 They produced extensive gen- 
eralized cardiac damage, and failure of the 
heart occurred which was sudden in onset 
and characterized by cardiac dilatation, 
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elevation of intra-auricular tension and a 
decline in systemic arterial pressure. In 
experiments in which the blood volume 
was not increased by infusion, it was difficult 
to explain such abrupt changes in dynamics 
other than by the fundamental occurrence 
of cardiac dilatation and failure of effective 
systolic contraction. The dilatation then 
resulted in increased residual blood in the 
cardiac chambers in diastole, and entrance 
of blood from the venous system was then 
curtailed. It appeared to be failure of the 
heart to accept available blood from the 
veins that resulted in the increase of venous 
tension. Roos and Smith further showed 
that when the circulating blood volume was 
augmented by infusion, subsequent damage 
to the myocardium produced a more strik- 
ing rise of venous pressure than was seen 
when the blood volume was not increased. 
In addition, quantitatively less myocardial 
injury was required to elevate the venous 
pressure and to produce cardiac dilatation 
and pulmonary congestion with the blood 
volume increased. It seems probable, there- 
fore, that elevation of venous pressure is 
dependent further upon an abundant ven- 
ous blood volume which is obstructed in 
its passage by incompetence of the heart 
muscle. The latter point finds further inter- 
esting support 113 in that severe myocardial 
injury frequently provokes shock, so that 
the bulk of blood becomes immobile in the 
peripheral vascular bed. Both the venous 
pressure and the systemic arterial pressures 
are low. Under these conditions the picture 
of cardiac failure does not develop. 

The manifestations of myocardial failure 
in the experiments described resemble those 
usually described under the term “backward 
failure” in clinical cases: There appears to 
be curtailed stroke output of the damaged 
heart and a failure of the organ to move 
blood from a vastly overfilled venous system. 
The interesting and well known corollary 
to these observations is found in severe 
myocardial failure with intense venous 
engorgement and pulmonary edema (es- 
pecially when acute in onset) in which the 
rapid removal of blood from the “available” 
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venous supply, by phlebotomy or application 
of tourniquets to the extremities, 27 ' 58 ' 63 ’ 74,141 
may quickly permit recovery of the stagger- 
ing heart muscle. " -C1 The induction of 
drastic diuresis by mercurial or other prepa- 
rations’ 3 '’’ may likewise cause marked im- 
provement in severe heart failure with 
venous distention, possibly through a similar 
mechanism. 

A number of investigators 2 ' 3 '' 1 ” 1 ''-’ 5 ' 137 
have been unable to accept as an adequate 
explanation the simple impounding of blood 
in the great veins for the rise in venous pres- 
sure in heart failure. Additional factors 
have been suggested. One consideration 
finding support in the opinions of several 
workers is the possibility of increased blood 
volume. Employing a dye technic, Gibson 
and Evans 4 ' 1 noted in patients with heart 
disease that the blood volume increased as 
the severity of the heart failure increased. 
In these instances the hematocrit remained 
essentially unchanged, leading them to 
believe that cell volume and plasma volume 
increased proportionately. Menccly and 
Kaltreider 90 likewise evolved evidence sug- 
gesting a rise in blood volume in clinical 
heart failure. They were particularly struck 
by the high correlation between the degree 
of anoxemia and the increase in cell volume. 
The contention that hypervolemia occurs 
in patients with heart failure raises the 
important question of the possible effects on 
venous pressure and other manifestations of 
cardiovascular breakdown. 

It may be re-stated here that the results 
of Roos and Smith” 3 indicate that deteriora- 
tion in cardiac function may be intensified 
when the blood volume is augmented by 
infusion before cardiac damage is produced. 
It is possible, then, that in chronic heart 
disease extending over a longer period of 
time any inci’ease in blood volume will 
hasten the development of myocardial de- 
compensation. The observations of Murphy, 
Gorrell and Grill 97 give indubitable evidence 
that augmentation of the circulating volume 
in cardiac patients by venous infusion may 
produce a marked rise of venous pressure 
with danger of overwhelming the diseased 
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heart. In a group of interesting experiments 
Starr 1 - 5 found that the venous pressures of 
patients with congestive heart failure re- 
mained elevated after death. He could not 
account for the persistence of postmortem 
venous hypertension other than by excessive 
fluid content of the vascular system. 

The mechanism of the increase in blood 
volume in congestive failure has been widely 
investigated. Particularly in recent years 
evidence has accumulated indicating that 
hypervolemia occurs with the retention of 
salt, and therefore of water, as a resuit of 
failure of renal elimination of salt. It has 
been shown in normal subjects that the 
administration of excessive amounts of salt 
will cause an increase in plasma volume, 
venous pressure and body weight. 45,84 In 
terms of heart failure, this circumstance 
may be accentuated. Warren and Stead 137 
studied two patients in congestive heart 
failure, in each of whom compensation 
was restored by the use of digitalis, a salt- 
free regimen and diuretics. Thereafter, salt 
was added to the diets and digitalis therapy 
was continued. In subsequent days the 
plasma volume increased and the gain in 
weight shown by these patients rather 
paralleled the augmentation of blood volume. 
However, the venous pressure did not be- 
come elevated with the increase in blood 
volume and these workers were not dis- 
posed to agree that hypervolemia neces- 
sarily provokes an increase in venous tension 
although it may become elevated in due 
time. Furthermore, they reasoned that the 
salt retention by the kidneys may be a 
function of decreased cardiac output rather 
than of venous engorgement of the kidneys. 
Merrill’s conclusion took similar lines. 91 
He found a marked reduction in renal 
blood flow in cases of heart failure and 
noted that there was no significant correla- 
tion of venous pressure and renal flow m 
such cases. In addition, his evidence indi- 
cated that renal flow usually remained 
below 50 per cent of normal even though a 
reduction of venous pressure occurred. 
Merrill’s study implied that sodium reten- 
tion may result from a low glomerular fil- 
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tration rate secondary to decreased renal 
blood flow, for it was clearly demonstrated 
that inulin clearance (glomerular filtration) 
may be decreased from 33 to 50 per cent of 
normal in subjects with myocardial insuffi- 
ciency. Assuming that tubular resorption is 
essentially normal in such subjects and 
that sodium filtration parallels that of 
inulin, reduced glomerular elimination of 
salt must occur. The consequent retention 
of sodium and of water then raises the 
blood volume, increasing cardiac load and 
enhancing the decline of the heart. Other 
studies 43,119 have confirmed the fact that 
marked sodium retention occurs in conges- 
tive heart disease and may be the dominant 
factor in the precipitation of peripheral 
edema; the studies imply intravascular and 
extravascular increase of fluid volume. 
Experiments by Reichsman and Grant 108 
yielded contrasting results. They studied 
patients with chronic rheumatic heart 
disease in congestive heart failure. Com- 
pensation of the heart was secured by 
digitalis therapy. When digitalis was sub- 
sequently discontinued, the hearts failed 
again, resulting in a rise in venous pressure. 
The subjects gained weight and peripheral 
edema later appeared. The same authors 46 
studied the effect of excessive salt adminis- 
tration in normal subjects. They noted an 
increase in blood volume and weight but 
only with an increased venous tension. The 
experiments therefore suggest that “back- 
ward failure” occurred in the cardiac 
subjects. 

The studies of blood volume in relation 
to heart disease have been held in some 
question, principally because of the errors 
known to occur in the use of the T-1824 dye 
technic of volume determination. 104 The 
loss of dye into the extracellular tissue spaces 
or into the lymphatic system, and the 
escape of the substance into various blood 
depots constitute serious objections to the 
procedure. Nevertheless, the method has 
yielded basically uniform results in the 
hands of various workers. 28 ' 44,90 Further- 
more, Nylin and Hedlund" 0 employed a 
method of blood volume determination 
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using erythrocytes tagged with radioactive 
phosphorus. They were able to reaffirm the 
occurrence of an increased blood volume in 
patients with failing hearts. The latter 
method confirmed the results of others em- 
ploying the T-1824 method. Inherent faults 
in blood volume determinations are present 
but the tendency toward an increased blood 
volume in congestive failure seems amply 
established. 

Although the blood volume has been con- 
sidered of primary importance in heart 
failure, it has been suggested also that 
redistribution of blood within the vascular 
bed by vasoconstriction may influence the 
venous pressure. 4,38 It has been noted clini- 
cally that the systemic blood pressure may 
be normal during periods of decreased 
cardiac output. However, that the blood 
pressure may reach high levels during 
heart failure is a matter of common knowl- 
edge to physicians. The pathogenesis of 
vasoconstriction in congestive failure is not 
clearly understood and, to date, the phe- 
nomenon has not been well reproduced 
under controlled, experimental conditions. 
Landis and his co-workers 68 maintained 
that vasoconstriction may be a compensa- 
tory reaction to venous engorgement. Other 
evidence 91 has been advanced that vaso- 
constriction occurs in consequence of di- 
minution of cardiac output. The direct 
importance of vasoconstriction in influenc- 
ing the picture of heart failure is thus un- 
certain; however, it is possible that if the 
blood pressure is sufficiently elevated, not 
only is the direct load on the myocardium 
further increased but there may be inhibi- 
tion of any trend toward shock. Pooling of 
peripheral blood is prevented and a greater 
quantity of blood may be impounded in 
the venous system. 113 

Hypothesis of Backward and Forward Failure. 
Controversies concerning the mechanism of 
heart failure have chiefly centered about 
the train of events occurring in the wake of 
myocardial dilatation and diminution in 
cardiac output. An impressive body of 
evidence has been cited to support the view 
that curtailment of cardiac function may 
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diminish the acceptance of blood from 
the venous system by the heart. A rise of 
venous pressure then ensues if blood returns 
to the venous system from the peripheral 
bed at a greater rate than its passage into 
the heart (“backward failure”). As the 
blood volume later becomes increased, by 
decreased renal blood flow and possibly by 
a factor of renal engorgement, venous ten- 
sion may be enhanced and peripheral 
edema occurs . 40,84,108 This view has been 
challenged by those who consider that 
decreased cardiac output and consequent 
decreased renal blood flow, salt retention 
and increased blood volume arc the first 
important events occurring in heart failure 
(“forward failure”). A rise of venous pres- 
sure, therefore, may not result from incom- 
petence of heart action but follows when 
hypervolemia becomes established. These 
conflicts of views may be presented briefly. 
Stead and Warren 13,1 suggested that in 
patients with normal blood volume the 
level of venous pressure is not important in 
determining variations in cardiac output. 
In a wide variety of conditions a normal dif- 
ferential in pressure between the atrium and 
ventricle appeared to be adequate to main- 
tain considerable increases in stroke vol- 
ume . 138 On this basis, the suggestion was 
made that the Starling principle may not be 
applicable to cardiovascular dynamics in 
man in most instances. However, in subjects 
with low blood volume an increase in venous 
pressure was noted to accompany a rise of 
cardiac- output. Furthermore, Stead and 
Warren 133 have stated that in patients with 
arteriovenous fistulas temporary interrup- 
tion of the abnormal vascular communica- 
tion results in an immediate drop in cardiac 
output. However, the right atrial pressure 
remains unchanged. They concluded that 
means other than venous pressure changes 
must be investigated to explain alteration 
in stroke volume in man. 

The conclusions of Stead and Warren 
were criticized by Roos and Smith 113 largely 
on the basis of errors that may arise on 
technical grounds. Since the work of 
Lauson et al . 73 indicated net right ventricu- 
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lar and auricular pressures are widely varied 
in respiration, the intra-auricular tension 
with respect to intrapleural pressure may 
not coincide with the actually recorded 
atrial pressure. Therefore it appears possible 
that the “effective” right auricular tension 
could have been elevated in the instances 
described. Furthermore, it may be pointed 
out 113 that pitfalls may lie in the use of the 
intracardiac catheter, for a water mano- 
meter attached to the catheter tube may 
record auricular pressure only during in- 
spiration. A corresponding rise of tension in 
expiration may not occur. A significant 
discrepancy between “effective” and ap- 
parent atrial tensions may thus arise from 
this technical factor. It is further apparent 
that the observation of an elevation of 
cardiac output without an increase in ven- 
ous pressure does not invalidate the Starling 
principles. Recalling studies with the heart- 
lung preparation 101 if the heart rate is in- 
creased, venous inflow and cardiac stroke 
output may be augmented without a rise of 
venous pressure. The indication is clear that 
in conditions in man in which heart rate is 
increased, an elevation of cardiac output 
may be achieved without a rise of venous 
pressure. 

In this connection it is of interest that 
Cohen et al . 22 found that cardiac output 
to be elevated in a number of patients with 
arteriovenous fistula. When the fistulas were 
closed temporarily, a decrease in cardiac 
output occurred together with a decelera- 
tion of heart rate. There was a concomitant 
fall in right atrial pressure. When the 
arteriovenous shunts were re-opened, the 
cardiac output and heart rate quickly rose; 
the right atrial tension likewise showed a 
small increase. The changes in auricular 
pressure were not of large magnitude, 
although the trend was consistent. These 
authors considered the variations in cardiac 
output in their subjects to be largely depend- 
ent on changes in heart rate rather than 
upon the altered levels of venous tension. 
Their findings are in general accord with 
the Starling principles in that altered rates 
of inflow to and output from the hearts were 
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accomplished with only small resultant 
changes in venous tension. 

The experimental and clinical evidence 
at present is of insufficient scope to explain 
completely the mechanisms by which cardiac 
output is altered under normal and path- 
ological conditions and the events contin- 
gent upon myocardial breakdown. The 
balance of evidence rather suggests that the 
phenomena of “backward failure” may be 
dominant in a given instance as heart failure 
begins, but the factors of “forward failure,” 
including salt and fluid retention, become 
no less important as congestive failure 
progresses. 

CONSEQUENCES OF HEART FAILURE 

Pulmonary Edema. Of the vicissitudes to 
which the cardiac patient is subject, none 
is more dramatic than the occurrence of 
massive pulmonary edema. The condition 
has long been considered a manifestation 
of left ventricular failure . 83 Indeed this 
clinical impression was strengthened by 
early attempts to produce pulmonary edema 
experimentally. Many years ago Welch 142 
noted the occurrence of pulmonary edema 
resulting from ventricular overload follow- 
ing aortic constriction. Following this lead, 
other workers 21 brought forth evidence to 
suggest that critical interference with func- 
tion of the left ventricle may lead to massive 
edema of the lungs. The belief prevailed 
among these workers that edema of the 
lungs resulted directly from the intense 
congestion induced by myocardial failure. 
Furthermore, experiments in which the 
pulmonary veins or left auricle were con- 
stricted 21,77,93,117 also induced pulmonary 
edema in some experiments. On the other 
hand Sahli 117 and others 55,77,93 were unable 
to confirm the contention that pulmonary 
edema resulted from drastic curtailment of 
left ventricular function. Other experimental 
evidence has been evolved to indicate that 
injury to the right ventricular muscle may 
likewise lead to acute and intense pulmonary 
edema . 18 It is of further interest that acute 
pulmonary edema in patients with mitral 
stenosis is less common 83 although it is the 
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condition par excellence in which pulmonary 
venous drainage is expected to be impaired. 
The clinical and experimental evidence at 
hand, therefore, provides no certain clue 
as to the mechanism of acute pulmonary 
edema from failure of the myocardium. 
Pulmonary congestion alone does not appear 
to be the precipitating cause and other 
mechanisms must be investigated. 

Diseases of the central and peripheral 
nervous systems may be complicated by 
pulmonary edema in the absence of demon- 
strable heart disease. Injuries of the head 
causing fracture of the skull, cerebral hem- 
orrhage and tumor or infection of the 
brain 83,140 may be complicated by a high 
incidence of lung edema. There is likewise 
ample experimental evidence to indicate 
that injury to nerves may produce pulmon- 
ary edema , 35,36 121 such as stimulation of 
the stellate ganglia or of other structures of 
the vegetative nervous system . 35,55,83,121 The 
frequent development of the condition 
following epinephrine administration in 
rabbits is well known . 59,82 In the latter 
experiments the seizure can be controlled 
by central nervous system depressants such 
as morphine, papaverine and chloretone 82,83 
and aggravated by the stimulants metrazol 
and caffeine. These effects of the central 
nervous system on the vascular structure of 
the lungs are poorly understood. Many 
studies have shown that pulmonary circula- 
tion is under neurogenic control , 25,26,54 and 
the possibility that “neurogenic” pulmonary 
edema is a result of excessive vasodilatation 
or diminished vasoconstriction has been 
strongly suggested by such studies. Further- 
more, the possibility that nerve impulses 
may alter capillary permeability has been 
advanced and such a mechanism must be 
considered . 31 Whether neurogenic edema 
is in any way related to the pulmonary 
edema of heart failure is uncertain at present. 

The appearance of pulmonary edema 
following exposure to gaseous and paren- 
teral toxins 55 has raised the possibility of a 
toxic mechanism in the pathogenesis of lung 
edema from heart disease. The frequent 
occurrence of spontaneous edema in the 
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heart-lung preparation appears to be due to 
a toxic agent, for it may result from the use 
of stored blood 157 or whipped blood. !,K In 
addition, the high protein content of the 
edema fluid indicates capillary damage, 
possibly toxic. 95 It has further been sug- 
gested that the lung edema frequently 
occurring in shock is due to the action of an 
“H-substance” carried to the lungs from the 
site of injury. 90 

While there is doubt as to the primary 
agents in the production of pulmonary 
edema in man, the role played by secondary 
factors is more certain. The liability of the 
lung to edema because lymphatic drainage 
is “bottlenecked” by the anatomic limita- 
tions of the lymphatic system must be con- 
sidered. 30 The ease of spread of fluid through 
the lung because of the absence of a true 
alveolar membrane and the many pores in 
the alveolar walls have been demonstrated. 70 
The dependence of lung tissue upon alveolar 
air for oxygen makes it unusually suscepti- 
ble to a rapidly spreading edema. As fluid 
accumulates in the lung it spreads easily 
and in so doing removes more lung tissue 
from its oxygen supply. The capillaries arc 
rendered more permeable and accelerated 
filtration of fluid from the vessels into the 
airspace of the lung occurs. 30 

Hepatic Congestion. Swelling and tender- 
ness of the liver are frequent signs of a 
failing heart. The congestion of the central 
veins with hemorrhage, loss of central paren- 
chymal cells, fibrosis and fat deposition are 
well known features of the “nutmeg” liver. 75 
These changes have been ascribed to the 
high venous pressure of right heart failure. 39 
On the other hand, the mechanical effect 
of venous congestion may not seem to offer 
a wholly adequate explanation for the 
central lesions. The direction of flow from 
the peripheral to the central hepatic veins 
indicates that, the pressure in the peripheral 
veins must be the higher, yet the cells in the 
peripheral portion of the lobules are pre- 
served. Furthermore, under the conditions 
of congestion the central veins are no more 
dilated than those about the lobular peri- 
phery. Other explanations for central he- 
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patic lesions have been advanced. Rich 10911 " 
expressed the opinion that anoxemia result- 
ing from venous stasis may produce such 
lesions. The location of the lesion and the 
occurrence of similar pathologic changes in 
anemia support the possibility. 110 Mallory 80 
proposed that central hepatic lesions result 
from toxemia or infectious processes. Never- 
theless, it is possible to produce lesions 
closely resembling those of chronic passive 
congestion of the liver by obstructing the 
inferior vena cava and hepatic veins in 
experimental animals. 8147 Neither infection 
nor toxemia appear to be prerequisites. 
Although the lesion of central congestion, 
atrophy and fibrosis is almost wholly con- 
fined to cases of heart failure, other hepatic 
lesions have been noted. Katzin et al. 02 
reported 286 autopsied cases with chronic 
passive congestion of the liver. Of these 
forty-eight showed biliary or diffuse fibrosis 
of the liver. 

The estimation of the frequency of true 
“cardiac cirrhosis” has been complicated 
by the multiplicity of definitions of the term. 
If “cardiac cirrhosis” is used to mean 
hepatic fibrosis in congestive failure, the 
condition is not rare; it may occur in 50 per 
cent of cardiacs who have been in failure 
for a period of nine months or more. 02 If, 
however, the term refers to an atrophic, 
fibrosed liver with ascites and splenomegaly, 
the condition is uncommon." 1 

Liver function is also disturbed in cardiac 
failure. Latent jaundice is frequently pres- 
ent, with scrum bilirubin levels ranging 
from 0.5 mg. to 8 mg. per cent. Bromsulfa- 
lein excretion tests often show excessive 
retention with return to normal on com- 
pensation of the heart. 0 '" 7:1 

The pathogenesis of latent jaundice in 
heart failure is debatable. That there is. an 
extrahepatic factor of excessive bilirubin 
formation seems quite certain. The eleva- 
tion of stool and urine urobilinogen can be 
explained only on such a basis, 109 and the 
discovery of hemosiderin deposits in many 
organs is further evidence of extrahepatic 
jaundice. 40 The importance of the role of 
the liver is more uncertain. However, low 
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bilirubin tolerance 75 and the pathologic 
lesions in the liver suggest a definite hepatic 
influence although the severity of the lesions 
is often not in proportion to the degree of 
bilirubinemia. 62 

Frank jaundice is uncommon in cardiac 
decompensation 17,60,75 but its occurrence is 
considered an ill omen. That there is an 
additional factor to cause a transition from 
the latent jaundice of chronic passive con- 
gestion to frank clinical jaundice has been 
strongly suggested. 75 Pulmonary infarction 
frequently precedes the onset of jaundice. 
In one series studied by Kugel and Licht- 
man 75 94 per cent of cardiac patients with 
clinical jaundice had pulmonary infarction. 
The hemolysis of red blood cells in the 
hemorrhagic lung infarct has been con- 
sidered the source of the added bilirubin 
producing the jaundice. 75 Others have 
disagreed with this point of view. 110 What- 
ever the mechanism of jaundice in these 
cases may be it is apparent that pulmonary 
infarction is the most frequent precipitating 
agent'in cardiac jaundice. 

Ascites occurs in 82 to 88 per cent of 
cardiac patients with heart failure, 15 per 
cent of whom require paracentesis. 75 The 
mechanism of its production is unknown; 
its occurrence suggests a true cirrhosis. 75 
Other factors in the accumulation of ascites 
may be a low plasma protein and concen- 
tration of an antidiuretic substance. The 
urine of cirrhotic patients contains large 
amounts of an unmetabolized antidiuretic 
substance similar to the posterior pituitary 
principle. 106 The liver in heart failure may 
have a similar metabolic defect and the 
presence of such a substance may con- 
tribute to the formation of ascitic fluid and 
edema. 

Edema. The pathogenesis of cardiac 
edema has been the object of much study 
and controversy. Many reviews of the sub- 
ject have been written 28 and an extensive 
examination of the subject at this time 
would be repetitious. 

The factors postulated by Starling 25 in the 
production of edema have been carefully 
analyzed and their importance in cardiac 
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edema investigated. The evidence indicates 
that of the theoretic factors productive of 
edema (increased capillary hydrostatic pres- 
sure, increased tissue osmotic pressure, 
decreased plasma osmotic pressure, de- 
creased tissue tension or increased capillary 
permeability) only an increased capillary 
hydrostatic pressure seems to be of primary 
importance in the production of cardiac 
edema. Diminished plasma osmotic pressure 
due to hypoproteinemia does occur in many, 
cardiacs 56,103,115,120 but when present is of 
slight degree and is apparently not in itself 
sufficient to cause edema formation. 2 In- 
creased capillary permeability due to anox- 
emia or dilatation 65 has been considered a 
possible factor 3,70 and therapy with 45 per 
cent oxygen has been known to produce 
improvement and diuresis in patients. 3 But 
the low protein content of cardiac edema 
fluid 10,128,137 is strong evidence that there is 
no important capillary permeability in- 
crease, and an increase in permeability due 
to dilatation has been shown not to occur. 71 
Also, the frequent absence of edema in con- 
genital cardiacs and in emphysematous 
patients who have severe anoxemia 33,137 
suggests that the degree of anoxemia seen 
in congestive heart failure does not in itself 
produce edema. In view of the low protein 
content of cardiac edema fluid an increase 
in tissue osmotic pressure can hardly be an 
important factor. In addition, there is no 
evidence that diminution in tissue tension 
is an important primary factor although in 
patients whose tissues have been previously 
distended by edema fluid the recurrence of 
edema may be facilitated. Lymphatic ob- 
struction secondary to the rise in venous 
pressure has been considered a possible 
factor in formation of edema and has been 
found to be present, 88 yet the high protein 
content of lymphedema fluid 28 is quite 
unlike that of cardiac edema and doubt is 
cast on the importance of lymphatic ob- 
struction in the pathogenesis of cardiac 
edema. 

An excessive retention of salt and water 
by the kidney is known to occur in heart 
failure 14,16 ’' 13,92, 107 and has been considered 
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a primary factor in edema formation. The 
evidence indicates that there are two possi- 
ble factors of dominant importance in the 
production of cardiac edema: an increase 
in capillary hydrostatic pressure and a 
retention of salt and water. Interpretation 
of the evidence concerning these dis- 
turbances has resulted in the postulation 
of two theories. According to the first, 
failure of the heart results in a rise in venous 
pressure which is reflected in a rise in 
capillary pressure 72 which in turn causes 
increased filtration from the capillary cx- 
travascular fluid accumulation and reduc- 
tion in circulating blood volume. Salt and 
water are retained by the kidney in an effort 
to restore blood volume. 101 Experimental 
and clinical evidence has shown that the 
rise in venous pressure is present in many 
cardiac patients, 6,44,5R 111 may be present 
in all under certain conditions and is re- 
flected in a rise of capillary pressure. 72 Such 
a pressure rise produced experimentally 
leads to the accumulation of edema fluid 04 
similar in composition to that of cardiac 
edema fluid. 00103 The other theory em- 
phasizes the salt and water retention, 
probably resulting from the diminution in 
cardiac output known to occur in many if 
not all patients in heart failure. Such reten- 
tion increases blood volume and in so doing 
increases capillary hydrostatic pressure and 
filtration from the capillary. The rise in 
venous pressure is considered a secondary 
factor. The debate has not been reconciled. 

Although many of the controversies in 
studies of the various phenomena of cardiac 
failure have been irreconcilable and confus- 
ing, the questions raised by such differences 
of opinion have stimulated further investi- 
gation of these problems. It is in re-study 
of controversial questions that the hope of 
greater knowledge lies. 

SUMMARY 

The mechanisms of cardiac failure are 
discussed as (1) injury of the myocardium 
leading to heart failure, (2) the dynamics 
of heart failure and (3) consequences of 
myocardial decompensation. 


1. Myocardial injury may be judged 
frequently by morphologic changes in the 
hearts of persons who have died with 
heart failure. It is pointed out that the 
causes of functional breakdown of the heart 
are obscure but evidence suggests that 
generalized myocardial damage may be of 
prime importance in compromising cardiac 
function. 

2. Studies by Starling and his pupils on 
the heart-lung preparation suggested certain 
principles of cardiodynamic function, some 
of which have been invoked to explain 
cardiodynamic changes in man. The more 
recent studies of cardiocirculatory problems 
in man, especially those utilizing the technic 
of right heart catheterization, are reviewed. 
The possible roles of cardiac output, in- 
creased blood volume and venous hyper- 
tension in the dynamics of heart failure are 
presented. 

3. The pathologic physiology of pul- 
monary edema, hepatic congestion and 
peripheral edema in consequence of heart 
failure is briefly reviewed. The available 
evidence indicates that pulmonary edema 
may not result from simple congestion of 
lung tissue but that other factors, at present 
obscure, may operate in congested lungs 
to produce edema. Characteristic hepatic 
lesions and impairment of liver function 
may occur from congestive heart failure. 
The possible mechanisms of functional im- 
pairment, certain liver function tests and 
the occurrence of jaundice and ascites in 
heart failure are particularly discussed. 

The, authors are indebted to Dr. W. B. Wood, 
Jr., Department of Medicine, for many helpful 
criticisms in the preparation of this review. 
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Cholesterol Metabolism and Arteriosclerosis 

T hese are stenotyped reports of combined staff clinics of the College of Physicia n s 
and Surgeons, Columbia University, and the Presbyterian Hospital, New York. 

The clinics, designed to integrate basic mechanisms of disease with problems of diagnosis 
and treatment, are conducted under the auspices of the Department of Medicine. The 
reports are edited by Dr. Frederick K. Heath. 


Dr. David Seegal: This clinic is con- 
cerned with an examination of the possible 
role of a disordered cholesterol metabolism 
in the pathogenesis of atherosclerosis and 
arteriosclerosis. This problem has engaged 
many investigators and has led to con- 
siderable controversy. We shall limit our- 
selves to a small segment of the field. For 
more general and complete discussions you 
might consult the reviews of Cowdry , 1 
Duff , 2 Winternitz , 3 Hueper 4 and a recent 
Biological Symposium . 5 These reports con- 
tain excellent presentations of current hy- 
potheses concerning the causation of athero- 
sclerosis, including mechanical factors, 
cholesterol, arterial vascularization and 
colloid imbalance. 

Atherosclerosis is characterized by the 
deposition of lipid substances in the intima. 
We consider atherosclerosis to be an early 
manifestation of arteriosclerosis. Both the 
early and late stages of arteriosclerosis may 
be present without symptoms. With progres- 
sive vascular damage, signs of illness 
usually appear because of an inadequate 
flow of blood through the coronary, cerebral 
or peripheral arteries. 

The medical and socio-economic impor- 
tance of arteriosclerosis requires no em- 

1 Cowdry, E. V. Arteriosclerosis: A Survey of the 
Problem. New York, 1933. McMillan. 

' Duff, L. Experimental cholesterol arteriosclerosis 
and its relationship to human arteriosclerosis. Arch. 
Path., 20: 81-123, 257-304, 1935. 

3 Winternitz, M. C. The Biology of Arteriosclerosis. 
Springfield, 111., 1938. C. C. Thomas. 

4 Hueper, W. C. Arteriosclerosis: a general review. 
Arch. Path., 38: 162-181, 245-285, 350-364, 1944; 39: 
51-65, 117-131, 187-216, 1945. 

''Biological Symposia. Vol. xi. Aging and Degenera- 
tive Diseases. Lancaster, Pa., 1945. J. Cattell Press. 
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phasis in this clinic. It is disappointing, 
however, that so little is known about its 
cause, natural history, treatment or pre- 
vention. Yet arteriosclerosis is probably 
responsible for more disability and death 
than any other single cause of disease. 

Among the reasons for this slow develop- 
ment in our knowledge is that present 
methods for the diagnosis of arteriosclerosis 
are not much improved over those available 
thirty years ago. We still make the diagnosis 
of arteriosclerosis on the basis of such pre- 
sumptive evidence as old age, or post hoc 
when organic impairment has been pro- 
duced by occlusive arterial disease. Even 
after an individual is subjected to complete 
study we have great difficulty determining 
the presence, distribution and severity of 
arteriosclerosis. We are often confused in 
trying to discriminate between the relative 
preponderance of intimal and medial sclero- 
sis, which are quite different pathologic 
entities. These limitations are increased by 
what Dr. Wolbach described as the “vaga- 
ries” of arteriosclerosis — the disparity in 
the extent of the process in some vessels as 
compared with others in the same indi- 
vidual. Furthermore, it is not unusual to 
observe early and advanced lesions of 
arteriosclerosis side by side in the same 
aorta. The differences in age of contiguous 
plaques would suggest that the causative 
agent acts discontinuously. 

Our fallibility in the diagnosis of arterio- 
sclerosis is more clearly shown when we 
carry out the orderly sequences of history 
and physical examination. The reports of 
Musser, White and Boas have called atten- 
tion to the importance of information 
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concerning the family history in special in- 
stances of arteriosclerosis. More detailed 
data are required in this category. In the 
past and present history a well documented 
episode of myocardial infarction is good 
evidence for the presence of arteriosclerosis. 
Similarly, clinical patterns associated with 
occlusion of the arteries to the brain or lower 
extremities yield useful information in the 
diagnosis of arteriosclerosis. 

The physical examination may be helpful 
or misleading. The wide pulse pressures 
in elderly individuals without overt aortic 
insufficiency reflect the relative inelasticity 
of the long tubes beyond the aortic arch. 
Retinal study may show arteriosclerotic 
changes but this finding docs not necessarily 
indicate the presence or degree of this 
disease in other vessels. Severe arterio- 
sclerosis of the coronary arteries is found 
frequently in individuals whose cyeground 
examination is reported normal. Too often 
thickened or even beaded radial arteries 
lead to the diagnosis of general arterio- 
sclerosis. In the great majority of these 
cases the abnormality in the radial artery 
is the result of medial (Monckeberg) and 
not intimal sclerosis. When a diagnosis is 
obscure, the general appearance and the 
age of a patient often leads to the presump- 
tive diagnosis of “general arteriosclerosis” 
as the chief cause of a patient’s disability. 
Dr. K. B. Turner and I found “general 
arteriosclerosis” one of the most frequent 
erroneous diagnoses in the medical clinico- 
pathology records of this hospital between 
1917 and 1935. 

Certain x-ray methods are rewarding in 
the diagnosis of arteriosclerosis. Isolated 
calcified plaques are sometimes visualized 
in various portions of the aorta. Calcified 
rings may be demonstrated in the aortic 
valve area by the technic of Sosman. Medial 
arterial calcification is seen in x-rays of the 
extremities and intimal sclerosis may be 
detected by using contrast media. Calci- 
fied areas in the renal, mesenteric and 
cerebral arteries may be seen from time to 
time. However, x-rays are of little service 
in the detection of coronary arteriosclerosis. 


There arc no chemical tests for arterio- 
sclerosis. 

We are forced to conclude that we lack 
methods to diagnose and quantitate the 
degree of arteriosclerosis in man. 

Nor do the data now available, whether 
experimental or clinical, afford a sound 
basis for the treatment of arteriosclerosis. 
Work indicating that diets low in certain 
foodstuffs might diminish or reverse arteri- 
osclerosis is suggestive but too new to be 
evaluated. 

Before considering the evidence bearing 
on the relation of cholesterol to arterio- 
sclerosis, I have asked Dr. Bevans to describe 
the pathologic sequences in arteriosclerosis. 
She will show that arteriosclerosis is not an 
inevitable concomitant of aging. She will 
further comment on the vagaries of arteri- 
osclerosis and on the disparity in age of 
contiguous lesions in the aorta. 

Dr. Margaret Bevans: Before describ- 
ing the development of arteriosclerotic 
lesions in man I should like to call attention 
to two anatomic changes which normally 
occur in the arteries: First, the intima of 
the aorta increases from a single layer of 
endothelial cells in the newborn to a well 
defined fibrous layer lined by endothelium 
in the adult. Secondly, the clastic tissue in 
the wall of all arteries deteriorates progres- 
sively throughout the life span. The conse- 
quent stretching is apparent to all of us 
who have followed the evolution of our own 
temporal arteries. This is not arteriosclerosis. 

For purposes of this discussion, we shall 
consider atherosclerosis as an early stage of 
arteriosclerosis, being fully aware that this 
is a controversial point. The earliest lesion 
which pathologists can recognize is the 
deposition of lipoid material beneath thc^ 
endothelium of the intima. Even at this 
early stage the lipoid is found there in star- 
shaped connective tissue cells, extracellu- 
larly in the tissue spaces and in macro- 
phages which have a foamy cytoplasm. 
Dissolution of some of the macrophages 
occurs and cholesterol and fatty acid crys- 
tals are found in the layers of the intima. 
The adjacent fibrous tissue undergoes a 
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Fig. 1. Human arteriosclerosis; section of aorta showing 
moderately advanced intimal arteriosclerosis. A fibrous 
tissue layer covers the foamy cells giving a white ap- 
pearance to the plaque in the gross specimen; hema- 
toxylin and eosin stain, X 163. 

degenerative change characterized by break- 
ing up of the fibrillar strands into a granular 
substance. Proliferation of the superficial 
intimal fibrous tissue results in thickening 
of the intima above the deposit. (Fig. 1.) 
This process is reflected by the yellow 
streaks and the white and yellow raised 
plaques on the intimal surface, the white 
areas being those with the thicker layer of 
overlying fibrous tissue. Up to this point 
the alteration can be considered athero- 
sclerosis. Changes subsequent to the forma- 
tion of the atheromatous plaques are various 
and unpredictable. They, are all grouped 
under the heading of arteriosclerotic lesions 
but before I describe them I should like 
to emphasize three facts: (1) There is a 
gradual merging of these changes with the 
atheromatous stage described previously. 
(2) Almost invariably all of these changes 
can be found in the same artery. (3) To 
the best of my knowledge no relation 
of lesions to intervals of time has been 
established.- 

The deeper layers of the atheromatous 
plaques undergo necrosis and calcium is 
deposited in these areas. (Fig. 2.) Eventu- 
ally the entire plaque and the overlying 
mtima may be converted into a mass of 
calcium. More often the increased rigidity 
due to calcium within the plaque causes 
stretching and injury to the superficial 
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Fig. 2. Human arteriosclerosis, advanced lesion; the 
intimal plaque is composed of a dense layer of fibrous 
tissue; thrombus is seen on the surface. Deep in the 
plaque calcium has been deposited and the media is 
compressed beneath the plaque; hematoxylin and eosin 
stain, X 20. 

intima layers sufficient to produce ulcera- 
tion. Necrosis of the deeper layers of the 
atheromatous plaque may spread upward 
before calcification occurs. When this hap- 
pens the superficial layers of the intima 
ulcerate and a mass of soft atheromatous 
material is swept into the blood stream 
leaving a rough base in which many aniso- 
tropic cholesterol crystals may be identified. 
With the interruption of the endothelial 
lining of the intima the familiar sequelae of 
thrombus formation and organization ensue. 
Intramural hemorrhages about the athero- 
matous and sclerotic plaques must also be 
mentioned. These cause further damage to 
the vascular wall. 

Since this type of arteriosclerosis is 
essentially a disease of the intima, we shall 
not discuss changes in the media except to 
say that they occur secondary to changes 
in the intima. 

We have no explanation to offer for the 
vagaries of distribution of arteriosclerosis. 
Some workers have believed that strain on 
the thinner areas where branching occurs 
plays a part in the localization of sclerotic 
plaques but this is not invariably the ob- 
served distribution. Others have suggested 
that increased blood pressure plays an 
important part in the development of the 
plaques, citing as examples the occurrence 
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Fic. 3. Human aorta with severe arteriosclerosis illus- 
trating the progressive nature of the disease. Small 
yellow plaques representing the earliest lesions lie close 
to old ulcerated plaques. 

of pulmonary artery sclerosis principally in 
the presence of pulmonary hypertension 
and the severe generalized arteriosclerosis 
that is often the companion of systemic 
hypertension. 

It has long been recognized by patholo- 
gists that arteriosclerosis bears no absolute 
relation to age though its incidence cer- 
tainly increases with the years. We are 
accustomed to seeing aortas and coronary 
arteries almost entirely free of sclerosis in 
elderly people. We also find advanced 
sclerosis in individuals before the fourth 
decade of life. The recent review of the 
Army Medical Museum material by Yater 


indicates the frequency of diffuse coronary 
artery disease in persons below the age of 
forty, the necropsy material comprising 
over 400 men with diffuse coronary sclerosis. 
In this scries individuals with a familial 
history of hypertension were four times as 
frequent as those without such a background. 

Is arteriosclerosis a continuously pro- 
gressive disease? Side by side in most 
sclerotic vessels there are early atheromatous 
plaques and old calcified ulcerated lesions. 
(Fig. 3.) This suggests that arteriosclerosis 
is a reaction to discontinuous stimuli which 
may occur at any time in the life of an 
individual. 

In summary, the earliest detectable 
lesions of human arteriosclerosis are deposits 
of lipoid in the intima. Necrosis, calcifica- 
tion and ulceration of atheromatous ma- 
terial in the initial deposit follow in unde- 
termined periods of time. The reasons for 
the localization of plaques are not alto- 
gether clear. Arteriosclerosis bears no ab- 
solute relation to age and seems to be a 
discontinuous disease process. 

Dr. Seecal: Wc shall now consider the 
evidence relating arteriosclerosis to cho- 
lesterol metabolism. There arc three chief 
reasons for the interest of investigators in 
such a relation. In the first place, cholesterol 
and its esters occur in considerable amounts 
in arteriosclerotic plaques. Secondly, it has 
been possible to produce arteriosclerosis by 
feeding excess cholesterol to rabbits, guinea 
pigs and chickens; moreover, Dr. Steiner 
and Dr. Kendall have found that lesions 
closely resembling those seen in human 
arteriosclerosis develop in the dog following 
the ingestion of cholesterol and thiouracil 
over a prolonged period. Finally, it is a 
common clinical experience that arteri- 
osclerosis develops prematurely and with 
great severity in such diseases as uncontrolled 
diabetes mellitus and chronic glomerulo- 
nephritis. Hypercholesterolemia is com- 
mon in these conditions. 

Dr. Batchelor will review some of the per- 

tinentfactsregarding cholesterol metabolism. 

Dr. William H. Batchelor: Cholesterol, 
like the bile acids, sex hormones, hormones 
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of the adrenal cortex and pro-vitamin D, 
is a sterol, one of a group of polycyclic com- 
pounds found in all plant and animal tis- 
sues, “neutral and comparatively stable 
substances which occur partly in the free 
condition and partly esterified with higher 
fatty acids.” 6 Cholesterol is quantitatively 
the most important sterol of animal tissues. 
“It is present in all cells of the animal 
organism, in largest amounts in the brain 
and nerve tissue, in the suprarenal glands, 
and in egg yolk. The solid matter of the 
human brain contains as much as 17% of 
the substance.” 6 

Relevant to our discussion today is the 
finding of Schoenheimer and others that 
cholesterol constitutes 40 to 65 per cent of 
the phospholipid-free fats extracted from 
arteriosclerotic lesions of human aortas. 
Moreover, and this may prove to be of 
special interest as regards arteriosclerosis, 
Ruzicka and his co-workers were able to 
identify at least four oxidation products of 
cholesterol in the lipids obtained from 
arteriosclerotic human aortas, namely, A 3 ' 5 
cholestadiene-7-one, A 4,6 cholestadiene-3- 
one, 7-/3 hydroxycholesterol and 3,5,6 cho- 
lestantriol. (Fig. 4.) The presence of these 
compounds suggests the possibility of oxida- 
tive metabolism of cholesterol in the body. 
The physiologic significance of some of these 
substances is now under investigation by 
Dr. Kendall and his co-workers. 

In addition to these oxidation products 
of cholesterol, a reduction product, the 
saturated compound dihydrocholesterol, has 
been found in small amounts in the sterols 
isolated from various organs (Schoenheimer) . 

The cholesterol of the diet can be absorbed 
in the small intestines. In cholesterol feeding 
experiments the ease with which it is ab- 
sorbed depends upon its physical state. In 
finely divided form or in solution in fats, it 
is readily absorbed; fed in crystalline form 
it is largely excreted unchanged. 

In man about 0.5 Gm. of cholesterol is 
secreted into the intestines each day in the 

c I'!Eser, L. F. Chemistry of Natural Products Re- 
lated to Phcnanthrene. 2nd ed., pp. Ill, 112. New York, 
1937. Reinhold Pub. Corp. 

January, 1949 


107 

bile. This is probably largely reabsorbed. 
The major part of the sterols excreted in 
the feces are the reduction products of 
cholesterol designated coprosterol and di- 
hydrocholesterol. These reduced sterols are 
not reabsorbed to any important degree. 
The mechanism of their reduction is not 
clear. It has been suggested that it is the 
result of the action of bacterial flora of the 
large- intestines. Since reduction of cho- 
lestrol in vitro does not yield coprosterol, a 
direct reduction of cholesterol seems unlikely. 
Experiments on both dog and man indicate 
that cholestenone is an intermediate in the 
biochemical conversion of cholesterol to 
coprosterol. 

Cholesterol clearly is not an essential 
dietary constituent. Human subjects and 
experimental animals maintained on cho- 
lesterol-free diets not only show relatively 
constant serum cholesterol levels but con- 
tinue to excrete sterols in the feces. This 
indicates synthesis of cholesterol in the body, 
a process which Schoenheimer was able to 
demonstrate by careful balance studies in 
the rat. 

There has been a great deal of speculation 
as to the precursors of cholesterol and its 
rate of synthesis in the body. Earlier theories 
postulated the direct formation of cholesterol 
from fatty acids and several schemes for this 
conversion were proposed but no adequate 
proof has been advanced for the formation 
of sterols directly from fatty acids. Plant 
sterols differ but slightly from cholesterol 
in their structure but they are not absorbed 
in the alimentary tract of animals. 

Actually no real progress was made in 
elucidating the metabolism of cholesterol 
until the introduction of isotope technics, 
notably by Schoenheimer, Rittenberg and 
Bloch. If a constant concentration of heavy 
water is maintained in the body fluids of an 
animal, all synthetic reactions take place 
in a medium of D 2 0 and all compounds 
synthesized wjll contain deuterium. From 
a study of the uptake of heavy hydrogen it 
is possible to measure the rate of synthesis 
of the compound even if nothing is known 
of the actual chemical mechanism. Schoen- 
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hcimcr and Rittenberg made such rate 
studies with mice on a cholesterol-free diet. 
By sacrificing mice after different intervals, 
it was found that the deuterium content of 
the body cholesterol steadily increased until 
a maximum value was reached. From 
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analysis of the results it was calculated that 
half of the body cholesterol was destroyed 
and resynthesized in approximately thirty 
days. About 2 per cent of the cholesterol 
was replaced every day. Similar studies by 
Waelsch and Sperry showed that the cho- 
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Fig. 4. Structural formulas of cholesterol and related compounds. The cyclopentano-perhydro- 
phenanthrene nucleus is common to all these compounds with the positions numbered as indicated. 

In all compounds the substituent groups at Cio, C13 and Ci? are the same as in cholesterol unless 
otherwise indicated. Where C5 is fully reduced, two stereoisomers arise and are differentiated by solid 
and broken lines. Erratum: The H attached to C5 in the formula 3 , 5,6 cholestantriol should be an OH. 
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lesterol in the brain of adult mice differs 
from cholesterol elsewhere in that it is not 
replaced by newly synthesized cholesterol 
during the course of the experiment. 

Schoenheimer and Rittenberg showed 
that after the mice have been on experiment 
for a long time the deuterium concentration 
in the cholesterol becomes equal to half that 
of the body water. This demonstrates that 
during the synthesis half of the hydrogen 
atoms of the compound are derived from 
water. A reasonable deduction is that cho- 
lesterol must be built up from compounds 
of low molecular weight. A search by the 
isotope technic finally revealed one pre- 
cursor of cholesterol. Bloch and Rittenberg 
found that feeding of deuterio-acetate to 
rats results in the formation of deuterio- 
cholesterol. Acetate therefore is a precursor 
of cholesterol; but since acetate is not an 
important dietary component, it in turn 
must be synthesized. The major sources of 
acetate are the fatty acids and the keto- 
genic amino acids. However, since carbo- 
hydrates are readily converted into fats in 
the body, any dietary component may 
possibly act as a precursor of cholesterol. 
Bloch 7 has recently reviewed current views 
as to the sources of acetic acid in the body 
and its general importance as a source of 
carbon atoms in the synthesis of larger 
molecules. 

Bloch, Borek and Rittenberg studied the 
site of synthesis of cholesterol in the body by 
incubating tissue slices from different organs 
with heavy water, with deuterio-acetate, 
and with acetate containing deuterium in 
the methyl group and C 13 in the carbonyl 
group. Synthesis of cholesterol could be 
demonstrated only in the liver slices. The 
rate of synthesis by the liver slices was high 
enough to warrant the deduction that 
cholesterol is formed principally in the liver. 
Recently, however, Chaikofi and co-workers 
made the interesting observation that ad- 
renal cortical tissue also is capable of synthe- 
sis of cholesterol from acetate in vitro. 

Little is known about the breakdown of 

’ Bloch, K. The metabolism of acetic acid in animal 
tissues. Physiol. He,,., 27: 594, 1945. 
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cholesterol in the body. It has been sup- 
posed that the ring system of the molecule 
is comparatively stable. However, now 
that it has been shown that the molecule 
can be built up from small molecules, we 
cannot eliminate the possibility that the 
ring system may also be degraded. 

Isotope studies have shown that cho- 
lesterol is the mother substance of at least 
two related steroids. Suspensions ofdeuterio- 
cholesterol were injected into dogs. After 
collecting the bile over a three-day period 
the dogs were sacrificed and the organs 
analysed. Deuterio-cholic acid was isolated 
from the bile. The quantitative data indi- 
cated that most if not all of the cholic acid 
was derived from cholesterol. Analysis of 
the organs showed that the largest amount 
of the injected cholesterol had been deposited 
in the lungs and the liver. None was detected 
in the brain or spinal cord. The feeding of 
deuterio-cholesterol to a pregnant woman 
resulted in the excretion of deuterio- 
pregnandiol. This compound while not a 
sex hormone is generally believed to be a 
reduction product of the sex hormone 
progesterone. At present it is not possible 
to say whether or not other sex hormones 
are derived from cholesterol. 

Additional studies of this kind are needed 
to clarify our understanding of cholesterol 
metabolism and its possible relation to 
arteriosclerosis. The work already reported 
has made it clear that controlling cholesterol 
intake may have very little effect upon the 
over-all cholesterol metabolism since the 
body can synthesize cholesterol from pro- 
tein, fats and carbohydrates. 

Dr. David Rittenberg: Dr. Batchelor ' 
has reviewed our present knowledge of this 
subject very well. I should like to point out, 
however, that the experiments with deu- 
terio-acetate account for less than half the 
carbon atoms in cholesterol. It appears 
therefore that other precursors must be 
involved. We have recently obtained evi- 
dence that administration of labeled acetone 
results in the formation of labeled cho- 
lesterol. This reaction occurs not only in the 
intact animal but also in surviving liver 
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tissue. It is possible that acetone is the 
precursor of the methyl groups in the sterol. 

Dr. Seegal: With this background we 
might now turn to a closer examination of 
the problem of arteriosclerosis itself. For 
reasons already indicated it is difficult to 
attack the problem directly in man. Such 
progress as has been made stems largely 
from animal experiment. I have asked Dr. 
Kendall to review this field, with special 
reference to the work of his own group. 

Dr. Forrest E. Kendall: Dr. Seegal has 
stressed the fact that arteriosclerosis cannot 
be adequately diagnosed and followed in 
man. Clinical investigation in this field has 
consisted largely of the collection of labora- 
tory data in the hope that some relationship 
might be found between these data and a 
subsequent demonstration of arteriosclero- 
sis. Since the disease process extends over a 
period of years and even decades and since 
exact information of what has taken place 
can be obtained only at the end of the 
process, clinical progress has necessarily 
been slow. Many attempts have therefore 
been made to reproduce and study the dis- 
ease in experimental animals. Intimal lesions 
resembling those seen in man have been 
produced experimentally in the rabbit, 
chicken and dog by greatly increasing the 
serum cholesterol level. 

In the rabbit intimal arteriosclerosis 
almost never occurs spontaneously but, as 
Anitschkow showed in 1913, addition of 
cholesterol to the diet of the rabbit results 
in the production of intimal arterial lesions. 
The extent of the lesions and the length of 
time required to produce them depend 
upon the degree of hypercholesterolemia. 
Anitschkow in 1932 reviewed the work up 
to that time and presented arguments for 
considering that the rabbit lesions are 
identical with those of human arteriosclero- 
sis. However, Duff 2 and other investigators 
pointed out that: (1) The distribution of 
the lesions in rabbits is different from that 
seen in man in that the thoracic aorta and 
pulmonary arteries are the vessels most 
severely damaged and that lesions never 
occur in the cerebral vessels and are rare 
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in the peripheral and renal arteries and in 
the other branches of the abdominal aorta; 
(2) the lesions in rabbits resemble the early 
stages of arteriosclerosis in humans but the 
more advanced types of lesions do not 
develop; (3) cholesterol feeding does not 
result in significant hypercholesterolemia 
and arterial lesions in omnivorous animals 
such as the dog, cat, rat or monkey. It has 
therefore been argued that the lesions pro- 
duced in the rabbit are simply the response 
of an herbivorous animal to a substance 
which is not normally present in its diet 
and for which it has no effective metabolic 
pathway. 

In contrast to the rabbit, chickens and 
many other birds do have spontaneous 
arteriosclerosis. Intimal lesions are almost 
always found in the arteries of aged chickens. 
In distribution and morphology these lesions 
closely parallel those seen in man. The 
underlying cause of these spontaneous 
lesions in the chicken is as much of a 
mystery as is the cause of human arteri- 
osclerosis. However, it has been shown that 
raising the serum cholesterol level in young 
cockerels either by feeding them cholesterol 
or by administering stilbcstrol results in the 
premature development of arteriosclerosis. 

The occurrence of spontaneous intimal 
lesions in dogs is rare but not unknown. It 
was as high as 5 per cent in some series of 
old dogs. Many attempts in the past to 
produce arteriosclerosis in dogs by feeding 
them large amounts of cholesterol failed 
and in no case could a sustained hyper- 
cholesterolemia be maintained. However, 
in a recent report from this laboratory 8 
it was demonstrated that if the function of 
the thyroid gland of dogs was modified by 
thiouracil administration, the feeding of 
cholesterol resulted in greatly elevated 
serum cholesterol levels. Maintenance of 
this hypercholesterolemia for a period of 
twelve to sixteen months resulted in lesions 
similar in distribution and morphologic 
characteristics to those seen in human 

8 Steiner, A. and Kendall, F. E, Atherosclerosis and 
arteriosclerosis in dogs following ingestion of cholesterol 
and thiouracil. Arch. Path., 42: 433, 1946. 
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arteriosclerosis. I would like to present this 
work in some detail. 

Our first study involved four mongrel 
dogs. All of these animals were given thio- 
uracil in doses starting at 0.5 Gm. and in- 
creasing to 1.2 Gm. per day. It was observed 
that from a control serum cholesterol level 
of 150 to 160 mg. per cent, the levels rose 
to 210 mg. per cent during the two months 
on thiouracil. At this point cholesterol was 
added to the diet of three of the dogs in 
the form of 10 Gm. of cholesterol in 40 cc. 
cottonseed oil daily. The serum cholesterol 
levels of these animals then rose progres- 
sively over the course, of the next fourteen 
months to peaks of 932, 1,134 and 2,176 
mg. per cent. During this time one dog 
had remained on thiouracil alone and 
showed a serum cholesterol level which 
averaged 284 mg., per cent. When the dogs 
were sacrificed after twelve to fourteen 
months of this hypercholesterolemia, the 
three cholesterol-fed animals showed arterio- 
sclerotic lesions which were similar to 
human lesions in distribution and morphol- 
ogy. The dog which had received thiouracil 
without cholesterol showed no arterial 
lesions. 

We have been able to repeat these 
results in young dogs of known age and 
antecedents. A group of four littermate 
mongrel dogs born in our laboratory was 
started on cholesterol feeding at the age of 
four months. This time the daily 10 Gm. of 
cholesterol was dissolved in ether, then 
applied to the dry diet of Spratt’s meat 
fibrine dog cakes and the ether allowed to 
evaporate. This left the cholesterol well dis- 
tributed throughout the food in finely 
divided form and obviated the high fat 
intake occasioned by the cottonseed oil 
used in our first series of dogs. Analysis of 
the feces indicated that from 60 to 80 per 
cent of this cholesterol was absorbed. Dur- 
ing this cholesterol feeding period the serum 
cholesterol rose to 400 to 500 mg. per cent. 
After four weeks on cholesterol alone two 
of the dogs were in addition given thiouracil, 
starting with 0.8 Gm. per day and increas- 
ing finally to 1.2 Gm. per day. The other 
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Fig. 5. Dog arteriosclerosis; abdominal aorta 
showing multiple intimal plaques which 
coalesce about the exit of the branches. The 
circular muscle bundles of the iliac arteries arc 
accentuated by the plaques. 

two dogs were kept on cholesterol but were 
given no thiouracil. The serum cholesterol 
level of the “cholesterol” dogs averaged 
400 mg. per cent. The average levels of the 
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Fig. 6. Dog arteriosclerosis; an early lesion in the thoracic aorta. Two distinct layers of atheromatous deposits are 
apparent. The internal clastica is intact but lipid has infiltrated to the media beneath the plaque giving the upper 
portion a loose vacuolated appearance; clastic tissue stain, X 163. 

Fig. 7. Dog arteriosclerosis; iliac artery; a typical plaque with foam cells and fibrosis. Vacuolated spaces representing 
lipid appear in the media. The internal clastica is visible at the left but disappears beneath the fibrotic area of the 
plaque; hematoxylin and cosin stain, X 163. 


“cholestcrol-thiouracil” dogs for the sixty 
weeks were 1,089 and 1,206 mg. per cent. 

When the cholesterol-fed controls were 
sacrificed after seventy-two weeks, one 
showed no arterial lesions. The other dog, 
which had almost identical serum cho- 
lesterol levels, showed several fine, raised 
yellow streaks in its abdominal aorta. On 
microscopic section these were seen to con- 
sist of lipid depositions beneath the aortic 
intima, forming an early arteriosclerotic 
plaque. 

Autopsy of the two “cholesterol-thi- 
ouracil” dogs after sixty weeks revealed 
extensive generalized arteriosclerosis in both 
animals. The lesions varied from small, 
pin-point, yellowish elevations of the intima 
to large, coalescing plaques. Lesions were 
most marked in the abdominal aorta and 
its branches. Figure 5 shows the gross 
appearance of one of these aortas, with the 
most advanced lesions in the abdominal 


aorta and its branches. Lesions were also 
present in the thoracic aorta, iliac, femoral, 
coronary, innominate, thyroid, subclavian, 
mesenteric and renal arteries and in the 
sinus of Valsalva. For the first time cerebral 
lesions were found about the circle of Willis 
in both of these dogs. Microscopically, the 
lesions showed almost all of the features of 
human arteriosclerosis. Figure 6 shows 
an clastic tissue stain of an aortic lesion. 
This is an early lesion. The intima is raised 
with fat-laden foam cells. Some fat-laden 
cells are apparent in the media beneath 
the as yet intact internal elastica. A section 
of a typical iliac artery plaque (Fig. 7) 
shows the marked thickening of the intima 
with fibrosis and fat-laden cells penetrating 
into the media. The coronary arteries 
(Fig. 8) show arteriosclerotic lesions which 
replace much of the media, thicken the 
intima and narrow the lumen. In the larger 
artery you can see most of the morphologic 
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Fig. 8. Dog arteriosclerosis; coronary artery; showing 
many of the sequelae of human arteriosclerosis. The 
lumen is narrowed by diffuse atheromatous deposits. 
Within the plaques are hemorrhage, hyalinization and 
calcium. The media has been partially replaced by 
lipid deposits; hematoxylin and eosin stain, X 86. 

features of an advanced human lesion 
including hemorrhage within the plaque, 
hyalinization, and about the outer margin 
of the lesion a thin, bluish line of calcifica- 
tion. In the middle cerebral artery (Fig. 9) 
the lesion is apparently limited to the intima 
with considerable narrowing of the lumen. 
Such cerebral lesions were present in both 
of our last “cholesterol-thiouracil” dogs. 

It is clear, then, that arteriosclerosis can 
be produced in an omnivorous mammal, 
the dog, by feeding cholesterol and thioura- 
cil. The resultant lesions have the same 
anatomic distribution and sites of predilec- 
tion as those in man, including involvement 
of coronary, renal and cerebral arteries. 
The dog lesions have most of the morphologic 
features of human arteriosclerosis, including 
hyalinization, hemorrhage and calcification. 
In no case thus far, however, has ulceration 
into the lumen of the artery been observed. 

Thiouracil in the doses used does not 
itself lead to arterial lesions. In one instance 
early arteriosclerotic lesions developed fol- 
lowing the feeding of 10 Gm. cholesterol 
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Fig. 9. Dog arteriosclerosis; middle cerebral artery. 
Intimal atheromatous deposits narrow the lumen. 
Fibrous tissue beneath the endothelium and at the 
edges of the larger plaque is encroaching upon the 
loam cells; hematoxylin and eosin stain, X 144. 

per day in a diet otherwise containing less 
than 5 per cent fat and without thiouracil. 

Although our series of arteriosclerotic 
dogs is still too small to permit any positive 
correlation of the degree of hypercholestero- 
lemia with the extent of the lesions, it is 
interesting to note that no lesions have been 
found in dogs in which the serum cholesterol 
level was less than 400 mg. per cent for 
twelve months. Above this level, without 
exception, the higher the serum level (over 
the 12- to 14-month period) the more ex- 
tensive was the arteriosclerosis found at 
autopsy. Experiments are in progress to 
quantitate further the degree and duration 
of the hypercholesterolemia necessary for 
the production of arterial lesions. 

Student; I would like to ask how far it 
was necessary to depress the basal metabolic 
rate in the dogs that developed arterio- 
sclerotic lesions on the combined cholesterol- 
thiouracil regimen. 

Dr. Seegal: Dr. Davidson has deter- 
mined the basal metabolic rate in some of 
these dogs and can give us that information. 
I hope he will tell us about the methods he 
employed because determining the basal 
metabolic rate in dogs proved to be a more 
difficult feat than was anticipated. 

Dr. Jack D. Davidson: The basal meta- 
bolic rate was not determined in the dog 
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experiments described by Dr. Kendall but 
they are currently being determined in a 
similar group of dogs receiving 1.2 Gm. 
thiouracil per day. The basal metabolism 
is estimated by the use of a standard clinical 
type of Sanborn machine adapted to the 
dog by the use of a pneumatic cushioned 
muzzle mask which gives an air-tight seal 
when applied to the shaven and lubricated 
muzzles. Light sodium pentobarbital hyp- 
nosis is used to obviate the long period of 
training otherwise required. This light 
hypnosis has been shown by Cavctt and by 
Galvao to have no perceptible effect upon 
the basal metabolic rate of the dog. In our 
animals 13 mg. of sodium pentobarbital 
per Kg. body weight given intravenously 
causes hypnosis which is light enough to be 
interrupted by any painful stimuli and 
which terminates with the dog spontane- 
ously lifting his head after twenty to forty 
minutes. Since there is considerable dis- 
agreement as to standard basal metabolic 
rates for dogs, due to poor correlation of 
caloric production with physical measure- 
ments and the confusion caused by species 
differences and different types of hair, we 
have used the results of control Sanborn 
measurements on each dog prior to thioura- 
cil feeding as the normal standard or “0” 
per cent for that animal. Subsequent 
variation has then been expressed as a 
percentage of this normal value for the 
given dog. On this basis the animals on 
this experiment have shown basal metabolic 
rates which are —15 to —20 per cent. The 
animals do not look or act myxedematous 
and show normal growth; but their toler- 
ance to sodium pentobarbital has definitely 
diminished as their basal metabolic rates 
declined, and their tolerance to cold is 
below normal as shown by shivering under 
conditions that do not cause normal dogs 
to shiver. 

Student: Have you tried to produce 
arteriosclerosis in rats or mice? 

Dr. Kendall: We have tried to produce 
lesions in rats by combined cholesterol- 
thiouracil feeding but failed to produce 
sustained hypercholesterolemia of significant 


degree and no atheromas were apparent 
either grossly or microscopically. 

Student: Have you any explanation for 
these species differences? 

Dr. Kendall: No. 

Dr. Kenneth B. Turner: There arc 
interesting differences in the response to 
cholesterol feeding not only between ani- 
mals of different species but also between 
different animals of the same species. For 
example, in experiments carried out some 
years ago we found marked individual dif- 
ferences among our rabbits with respect to 
the maximal level of cholesterol in the blood 
after feeding the same amount of cholesterol. 
In one animal it might never rise above 
300 mg. per cent while in another receiving 
the same amount of cholesterol over the 
same period the level might rise to 1,200 or 
1,300 mg. per cent. Eventually, however, 
the level of cholesterol in the blood of each 
animal reaches an irregular plateau. This 
would seem to indicate that the animals 
somehow acquire the ability to metabolize 
or excrete the large amounts of cholesterol 
administered and thus achieve a state of 
equilibrium. An occasional rabbit displays 
from the start surprising capacity to handle 
exogenous cholesterol so that after several 
months of feeding only a slight elevation of 
the blood cholesterol has occurred. This 
so-called “resistance” is abolished by thy- 
roidectomy. In the otherwise normal rabbit 
thyroidectomy results in only a slight rise 
in serum cholesterol; but when performed 
in a cholesterol-fed but “resistant” rabbit, 
there is prompt disappearance of the 
“resistance,” with development of marked 
hypercholesterolemia. 

The experience with rabbits in the pro- 
duction of atherosclerosis by cholesterol 
feeding coincides with that indicated by 
Dr. Kendall in dogs. Atherosclerosis does 
not occur in the rabbit without antecedent 
elevation of the blood cholesterol; to this 
there are no exceptions provided one ex- 
cludes medial sclerosis, a quite distinct 
lesion which may occur “spontaneously.” 
Hypercholesterolemia without atherosclero- 
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sis, on the other hand, is observed in 
cholesterol-fed rabbits although infrequently. 

When a rabbit fed cholesterol for a suffi- 
cient period of time is autopsied, certain 
lesions in addition to the atheromatous 
changes in the aorta are obvious upon gross 



intravenous injection of cholesterol suspension. Note 
the rise in total cholesterol at the twenty-four-hour 
interval while the free cholesterol is unchanged. The 
rise is due entirely to an increase in cholesterol esters. 

examination. There is a fatty liver, the 
adrenals are large and there are fatty 
deposits in the spleen and kidneys. This 
simultaneous development of lipoidosis has 
been cited as a point of dissimilarity be- 
tween the atherosclerosis of rabbit and man. 
However, if cholesterol feeding is discon- 
tinued after a sufficient period of hypercho- 
lesterolemia, the blood cholesterol gradually 
drops to normal levels; and if the animals 
are sacrificed at this time, the gross findings 
at autopsy may be quite different. The 
atheromas persist but the visceral lesions 
are slight or absent. It' should be empha- 
sized that in this situation one finds athero- 
sclerosis associated with normal levels of 
cholesterol in the blood at the time the 
animal is sacrificed. 

Dr. Bevans:' It might be worth pointing 
out that in such rabbits, although lipoid is 
continually absorbed from the aortic 
lesions,- plaques may be discernible for as 
long as three years after cholesterol feeding 
has ceased and the serum cholesterol has 
returned to base line levels. 


"5 

Dr. Seegal: Because of uncertainties 
in the absorption of the cholesterol fed these 
experimental animals by mouth, investiga- 
tors have long been interested in producing 
atherosclerosis by intravenous injection of 
cholesterol suspensions. These attempts were 
unsuccessful until about two years ago 
when Dr. Kendall prepared an emulsion 
of 2.5 per cent cholesterol stabilized in 
0.5 per cent sodium stearate and found 
that this suspension could be injected into 
the ear veins of rabbits without difficulty. 
It has been possible in this way to produce 
lesions indistinguishable in appearance and 
distribution from those of animals fed simi- 
lar amounts of cholesterol over the same 
period of time. The results have been 
especially illuminating in clarifying the 
morphologic sequence of events in the 
genesis of arteriosclerotic plaques and I 
have asked Dr. Bevans to tell us about these 
experiments. 

Dr. Bevans: We have followed the blood 
levels and the development of these lesions 
and I will describe some of our results. 
After a single injection of 0.5 Gm. of col- 
loidal cholesterol, blood levels were de- 
termined at intervals of ten minutes, six 
hours, twenty-four hours and forty-eight 
hours. A sample curve is shown in Figure 
10. It is apparent that the secondary rise in 
total cholesterol which consistently occurs 
at the end of twenty-four hours is due to a 
rise in the ester fraction and not in the free 
cholesterol. This suggests that the injected 
cholesterol is cleared from the blood and 
then slowly returned after esterification. A 
close relationship between the chemical 
and histologic findings exists since the 
amount of lipoid in the parenchymal cells 
of the liver reaches its peak at twenty-four 
hours and decreases from that time on. At 
the end of six days the serum cholesterol 
returns to base line values. It is possible to 
repeat the curve in the same animal many 
times. 

When five injections a week of 0.5 Gm. 
of cholesterol each were given, the serum 
cholesterol levels attained were of the same 
order as those observed in rabbits fed the 
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same amount of cholesterol in their diet. 
(Fig. 11.) It will be noted also that the rate 
of disappearance is approximately the same 
in each group. As early as three hours after 
the first injection of 0.5 Gm. of cholesterol, 
lipoid is visible within the intima of the 

14.5 CM. CHOLESTEROL I.V. IN 3S DAYS 


an occasional intimai endothelial cell of 
the small vessels. That the lipoid material 
observed in the intima does not enter via 
the vasa vasorum can readily be seen in 
those areas where the intimai accumulation 
is far removed from these vessels. 

FED 24.5 GM. CHOLESTEROL IN 49 DAYS 


Mgmi X 

Cholesterol 



Fig. 11. Comparison of scrum cholesterol levels after injection or feeding of cholesterol in rabbits. Note that the 
animals were fed for forty-nine days while the other group was injected for thirty-six days. At the thirty-six-day 
interval the serum cholesterol levels arc similar. 


aorta. It first appears within the endothe- 
lial cells which are swollen and prominent. 
At the end of twenty-four hours more lipoid 
is visible in the endothelial cells and has 
spread to the intercellular substance. No in- 
timai proliferation has occurred. At seventy- 
two hours less lipoid is present in the intima 
but cellular proliferation is evident. By this 
time lipoid has penetrated the internal 
elastica and the upper layers of the media. 
The endothelial cells are foamy. During 
these early phases the vasa vasorum of the 
outer media and adventitia are diffusely 
stained with lipoid. This is no longer ap- 
parent after the seventy-two-hour period 
except for a few sudanophilic droplets in 


As the interval after the single injection 
lengthens, less and less lipoid is present 
within the intima but the proliferation of 
intimai cells continues to be present for at 
least two months. At the end of six months 
all lipoid has disappeared and no intimai 
proliferation can be found. 

When rabbits are given twelve daily 
injections of 0.5 Gm. of the cholesterol sus- 
pension, the first gross lesions can be 
identified in the ascending aorta. Micro- 
scopically, these lesions are well developed 
atheromatous plaques with abundanf lipoid. 
Sudanophilic material can be followed 
through the media into the peri-aortic 
tissues. (Fig. 12.) When rabbits are given 
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Fig. 12. Plaque in intima of ascending aorta noted 
grossly after twelve daily injections totaling 6 Gm. of 
colloidal cholesterol. The rabbit was sacrificed one 
month after the last injection. Lipid can be traced 
through the media and has collected in the adventitial 
and peri-aortic connective tissue; Sudan iv stain, X 125. 

thirty-six injections over a six-week period, 
the lesions are much larger and more 
numerous. As has been stated before they 
are indistinguishable in number, appear- 
ance and distribution from those seen in 
animals fed the same amount of cholesterol 
(18 Gm.) over the same period of time. 
Whether these animals are sacrificed im- 
mediately or six months later makes little 
difference in the appearance of the lesions. 

Lipoid found elsewhere in the organs is 
in proportion to the amount injected. 
Within three hours after a single injection, 
small amounts are found in the Kupffer 
cells of the liver but very little in the paren- 
chymal cells. The sudanophilic droplets are 
more numerous after twenty-four hours 
when they are present also in the endothe- 
lial cells of the portal veins and stain the 
entire wall of the vein diffusely. Some of the 
lipoid has migrated to the perivascular 
tissue and appears in the connective tissue 
cells. At three hours there is little lipoid in 
the parenchymal cells but this increases up 
to twenty-four hours. Following this there 
is a decline until at the end of a month only 
small droplets remain in the Kupffer cells. 
About the same amount is present at the 
end of six months. In the kidney, at the end 
of twenty-four hours following a single 
injection, the blood vessel walls and glomeru- 
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lar capillaries are flooded with sudanophilic 
material. Numerous droplets are present in 
the tubular epithelium. At the end of a 
week glomeruli no longer contain lipoid 
and only small amounts remain in the 
tubular epithelium. In the lungs and spleen 
a similar flooding of endothelial cells of the 
large vesse’s and walls of the capillaries is 
obsei'ved. Despite the large quantities of 
emulsion injected we have never observed 
large pulmonary emboli. 

As larger amounts of cholesterol are 
injected, more and more lipoid accumulates 
and remains for longer periods. It is evident 
that cholesterol is taken up through the 
body of the rabbit by the reticuloendothe- 
lial system but it is also evident that it 
remains in the intima of the aorta long 
after it is cleared elsewhere. 

Since lipoid can be detected in the intima 
of the aorta within three hours following 
injection of cholesterol suspension, these 
experiments suggest direct penetration of 
the intact endothelium by lipid in the 
development of atheromatous plaques. It 
would be difficult to reconcile these 
observations with Leary’s hypothesis that 
fat-laden Kupffer cells of the liver migrate 
to the wall of the aorta to form the nidus 
of an atheroma. 

Dr. Seegal: It is clear that the experi- 
mental production of arteriosclerosis in 
animals has already thrown much light 
upon the problem of arteriosclerosis in man. 
This would be even more evident if we were 
able to present the work of other investiga- 
tors in this field but time does not permit. 
We must go on to consider the s clinical 
aspects of the problem. Dr. Steiner has for 
some years been working on the relationship 
of human arteriosclerosis to cholesterol 
metabolism and I have asked him to sum- 
marize his experience. 

Dr. Alfred Steiner: The range of serum 
cholesterol values in normal human subjects 
is wide. The two technics most widely used 
are those of Bloor, in which the range of 
normal cholesterol varies from 175 to 300 
mg. per 100 cc., and the method of Schoen- 
heimer and Sperry, in which the range 
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varies from 150 to 275 mg. per 100 cc. The 
method of Schoenheimer and Sperry is 
considered to be more accurate although 
it is technically difficult and requires con- 
siderable facility before reproducible re- 
sults are obtained. The ratio of ester to free 
cholesterol is constant, approximately 3 
to 1. 

In a study with Dr. K. B. Turner it was 
demonstrated that in a group of relatively 
normal persons the individual serum cho- 
lesterol levels remain quite constant from 
hour to hour, day to day and month to 
month during the period of a year. The 
deviation from the mean cholesterol level for 
each patient was less than 10 per cent. 

In well documented coronary arterio- 
sclerosis the results of serum cholesterol 
determinations have given inconclusive 
results. Several reports record an elevation 
of serum cholesterol while others do not. 
In our own studies frequent consecutive 
determinations of serum cholesterol for 
periods up to two years were made in 
fifteen patients with coronary arteriosclero- 
sis. Thirteen of these patients had had a 
typical coronary thrombosis; the remaining 
two individuals had angina pectoris with a 
positive anoxemia test for coronary insuffi- 
ciency. The patients were not included in 
this study until at least six weeks had 
elapsed since the onset of the myocardial 
infarction. A total of 914 serum cholesterol 
determinations were made, 572 on the 
patients with coronary arteriosclerosis and 
342 in the normal individuals. The average 
serum cholesterol of the patients with 
coronary arteriosclerosis was found to vary 
from 308 to 499 mg. %, with a mean for the 
group of 355 mg. %; the standard deviation 
for the patients was 24.8. In contrast the 
average serum cholesterol values for each 
of fifteen relatively normal individuals 
varied from 214 to 334 mg. %, with a mean 
average of 254 mg. % for the group. The 
fluctuations of the serum cholesterol, as 
measured by the standard deviation, for the 
normal subjects averaged 8.7, about one- 
third of that of the patients with coronary 
arteriosclerosis. 


Although statistically these results are 
significant, it was believed desirable to have 
scrum ■ cholesterol determinations on a 
larger group of patients. For this reason a 
single serum cholesterol determination was 
made in fifty additional patients with 
coronary arteriosclerosis and in fifty addi- 
tional normal persons of the same age group. 
The average scrum cholesterol value for 
the second group of patients with coronary 
arteriosclerosis was 336 mg v % in contrast to 
236 mg. % for the control subjects. These 
results confirmed the previous observations. 

Since these studies were reported, Lerman 
and White found that twenty- two of twenty- 
eight patients with coronary arteriosclerosis 
under the age of forty had an elevation of 
serum cholesterol. Boas also has reported 
that an elevated serum cholesterol is a 
frequent finding in patients with coronary 
arteriosclerosis and furthermore in members 
of the families of these individuals. 

In summary, the serum cholesterol level 
of patients with overt coronary arteriosclero- 
sis is significantly higher than that of normal 
subjects of the same age group. Moreover, 
the scrum cholesterol level of patients with 
coronary sclerosis fluctuates much more 
widely than in the normal subject. 

A number of possible factors that might 
influence the serum cholesterol levels in 
human subjects have been studied. The 
administration of potassium iodide, a favor- 
ite of the older clinicians in the treatment 
of arteriosclerosis, has been shown to have 
no effect on the serum cholesterol level. 
Four and one-half grains of thyroid extract 
daily, however, resulted in a lowering of 
the serum cholesterol level approximately 
90 mg. per cent in four to five weeks, asso- 
ciated with an increase in the basal metab- 
olic rate of approximately 21 per cent. The 
post-thyroid period was of interest in that 
the serum cholesterol level overshot the 
normal level and remained elevated for 
two to four weeks. The feeding of soya 
lecithin results in a temporary lowering of 
serum cholesterol in normal individuals as 
well as in those with hypercholesterolemia 
associated with xanthomatosis. 
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The effect of an infection, pneumonia, 
on the serum cholesterol level was studied. 
Serum cholesterol estimations were made 
at frequent intervals during and subsequent 
to pneumonia in nineteen patients. The 
presence of /rtyocholesterolemia during the 
acute phase of the pneumonia was con- 
firmed. It was further noted, however, that 
a subsequent /zj^ercholesterolemia associ- 
ated with wide fluctuations occurred during 
convalescence before the characteristic stable 
individual serum cholesterol level was re- 
established. In the patients studied the 
increase in serum cholesterol over the 
normal level varied from 20 to 250 mg. 
per cent, averaging 82 mg. per cent. The 
duration of the elevated and inconstant 
serum cholesterol values averaged fifty-two 
days. It is conceivable that such a period 
of transient hypercholesterolemia might 
lead to deposits of cholesterol in the arteries. 

The effect of diet on serum cholesterol 
would appear to have considerable sig- 
nificance in view of some of the experiments 
described today. Leary, and more recently 
Dock, have advocated the restriction of 
dietary cholesterol so as to prevent or 
retard the development of arteriosclerosis. 
The rationale for this suggestion was based 
chiefly on the experimental arteriosclerosis 
produced by excess feeding of cholesterol. 
However, there are other data which tend 
to suggest' that diet has an important bear- 
ing on the development of arteriosclerosis. 
In China, Okinawa and Costa Rica, where 
poor nutrition is prevalent, a low incidence 
of arteriosclerosis has been reported. The 
diet in these countries is characteristically 
low in cholesterol, protein and calories and 
is made up chiefly of carbohydrates of 
vegetable origin. 

The tendency for individuals who are 
obese to succumb more commonly to 
sequelae of arteriosclerosis and coronary or 
cerebral occlusion has been noted by 
analysis of statistics by life insurance com- 
panies. French and Dock stated that seventy- 
three of eighty young soldiers dying of 
coronary arteriosclerosis had some degree 
of obesity. 
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It was therefore considered of interest to 
determine the effect of diets rich or poor in 
dietary cholesterol on the serum cholesterol 
level. In the first phase of this study the 
response of the serum cholesterol of thirty- 
five patients, with various diseases, to a 
single meal rich in fat and cholesterol was 
determined. The method of study was as 
follows: blood for analysis was taken at 
8 a.m. with the patient in the fasting state. 
Breakfast consisted of fruits, two eggs, 
buttered toast, coffee and 200 cc. of milk to 
which 20 Gm. of cholesterol had been 
added. Dinner and supper were served at 
the usual hours. Additional blood samples 
were taken at 10 a.m., noon, 4 p.m. and 
8 a.m. the following day. The results showed 
clearly that little or no change in the serum 
cholesterol occurred during the course of 
twenty-four hours, regardless of the feeding 
of a large amount of cholesterol. 

In the second phase of this study nine 
individuals were placed on diets high or low 
in fat and cholesterol. They were first given 
a diet containing 300 Gm. of fat for six 
weeks and then without interruption placed 
on a diet containing less than 50 Gm. of 
fat. In five of the nine patients there was no 
increase in total serum cholesterol during 
the period of high fat feeding. In four cases 
a slight rise seemed to occur. Three of the 
patients subsequently were placed on the 
high fat diet for a second period but this 
time 10 Gm. of cholesterol in 200 cc. of 
milk was added to the regimen. No signifi- 
cant change resulted in the serum cholesterol 
levels. 

The serum cholesterol levels of the pa- 
tients on a low fat diet were no different 
from those observed during the control 
period. 

This study has recently been repeated in 
four patients with coronary arteriosclerosis. 
After an initial control period the patients 
were given 100 Gm. of egg-yolk powder 
(roughly the equivalent of twelve egg yolks) 
containing 3 per cent cholesterol daily for 
six weeks. At the end of this time the diet 
was changed to one low in cholesterol 
(butter, cream, egg yolk and fatty meats 
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were excluded) for six additional weeks. 
Only slight increases in the serum cholesterol 
levels were found during the egg-yolk feed- 
ing period. It was possible in this experiment 
to estimate the quantity of cholesterol 
actually absorbed and metabolized by 
determining the amount of sterol excreted 
in the stool. No significant differences in 
the sterol excretion occurred during initial 
control and high or low fat and cholesterol 
diet periods. It can therefore be assumed 
that the dietary cholesterol was absorbed 
and either metabolized or laid down in the 
tissues. With the serum cholesterol and 
fecal sterol content essentially unchanged, 
one might infer that the mechanism of 
cholesterol turnover in the body is very 
active and able to handle large amounts of 
exogenous cholesterol. If this were not so, a 
marked elevation of serum cholesterol would 
be expected on a high cholesterol diet and, 
conversely, a fall in the scrum cholesterol on 
a low cholesterol diet. Further studies of 
this problem by the isotope technic arc 
indicated. 

In the third phase of the effect of diet on 
serum cholesterol, ten patients with well 
documented episodes of coronary thrombosis 
were placed on a low cholesterol diet for 
periods from four to fourteen months. 
Butter, egg-yolk, cream and fatty meats 
were excluded from the diet during the low 
cholesterol regimen. Oleomargarine, a vege- 
table fat, was allowed. The patients were 
followed in the ^ut-patient department so 
strict adherence to the diet may not have 
been observed; however, all the patients 
were most cooperative. Serum cholesterol 
determinations were made at intervals of 
two weeks or at monthly intervals. Pre- 
liminary results of this study indicate that 
the serum cholesterol levels of five of the 
ten patients were lower than those observed 
in the initial regular diet period. Consider- 
able fluctuations of the serum cholesterol 
level occurred during the period of regular 
diet but seemed to be less variable during 
the low cholesterol diet period. It was not 
possible to judge adequately whether this 


low cholesterol ingestion resulted in any 
change in the clinical status of the patients. 

The recent demonstration by Rittenberg 
and his co-workers that cholesterol can be 
synthesized in the body from acetate— a 
substance formed in the metabolism of fat 
and possibly from glucose and protein— is 
pertinent to the problem of reduced choles- 
terol intake. If the body synthesizes exces- 
sive amounts of cholesterol, the restriction 
of dietary cholesterol intake would be of 
little avail. However, the overburdening of 
an already disturbed cholesterol metabolism 
by excessive cholesterol ingestion might be 
harmful. Further studies arc necessary 
before a final evaluation of this problem 
can be made. 

Doctor: Arteriosclerosis is frequently 
found in subjects who have serum cho- 
lesterol levels within the normal range 
and who have no history of recognized 
hypercholesterolemia in the past or any 
disease associated with hypercholestero- 
lemia. They also have normal basal metab- 
olic rates. Production of arteriosclerosis 
in animals in the experiments described 
by Dr. Kendall, however, required the 
sustained maintenance of marked hyper- 
cholesterolemia over long periods by in- 
stituting experimental conditions which 
so far as we know do not obtain in most 
clinical cases of arteriosclerosis. This raises 
the question in my mind as to how relevant 
the animal work is to the clinical problem 
of arteriosclerosis. 

Dr. Kendall: The great resemblance 
between the lesions seen in clinical arteri- 
osclerosis and those produced experimen- 
tally, particularly in the dog, leads us to 
believe that they are fundamentally alike. 
The failure to find a history of hyper- 
cholesterolemia in much of the clinical 
material suggests that it would be well to 
look beyond the high serum cholesterol 
levels in the experimental animals for the 
real cause of arteriosclerosis. It is possible 
that initiation of the lesion in both ex- 
perimental animals and in human beings 
is not due to high cholesterol levels per sc 
but to the presence of some abnormal 
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substance related to cholesterol. Although 
various oxidation products of cholesterol 
which may be intermediate compounds in 
its metabolism have been isolated from 
lesions of human aortas, very little is known 
about the role they may play in arteri- 
osclerosis. Our laboratory has started an 
investigation of the physiologic significance 
of some of these compounds but all such 
work is seriously hampered by the inade- 
quacy of available information concerning 
the intermediary metabolism of cholesterol, 
the way it is built up and broken down in 
the body. Further extension of isotope 
technics to obtain this fundamental infor- 
mation is urgently needed. 

Another point which may be relevant to 
this discussion is the fact that the cho- 
lesterol of the serum is for the most part not 
in true solution but in colloidal suspension 
stabilized by the other lipids and the pro- 
teins of the serum. Normally only a small 
portion of this cholesterol can be extracted 
from the serum with organic solvents. In 
hypercholesterolemia occurring both in 
human beings and in experimental animals 
a large part of the cholesterol can be ex- 
tracted. There has been a change in the 
physical state as well as in the amount of 
cholesterol present. It may develop that 
this change in physical state is one of the 
factors responsible for the development of 
atherosclerosis. 

Dr. Steiner: I do not think that the 
finding of arteriosclerosis in individuals who 
have had one or two casual serum cho- 
lesterol determinations within the normal 
range, a normal B.M.R. on one or more 
occasion, and who have not had one of the 
usual diseases associated with hypercho- 
lesterolemia (poorly controlled diabetes, 
myxedema, chronic nephritis or xanthoma- 
tosis), invalidates the significance of cho- 
lesterol in arteriosclerosis. That the serum 
cholesterol in relatively normal persons 
ordinarily remains quite constant so far 
as we know (the longest available study of 
serum cholesterol levels in normal subjects 
did not extend beyond a two-year period) 
does not rule out the possibility that periods 
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of hypercholesterolemia as well as of insta- 
bility of the serum lipids may occur in the 
lifetime of some individuals. Certainly the 
demonstration that following an acute in- 
fection such as pneumonia the serum 
cholesterol level,' after a period of hypo- 
cholesterolemia during the febrile phase, 
becomes elevated and extremely labile for 
periods up to three to six months, is a 
specific example of one of the factors in- 
fluencing the serum cholesterol pattern 
during the lifetime of an individual. The 
serum cholesterol pattern may also be 
altered by other conditions, such as endo- 
crine and dietary factors. It is quite possible 
that deposition of cholesterol in the walls of 
arteries may occur during such transitory 
periods of hypercholesterolemia. It would 
certainly seem significant that in all of the 
usual diseases that are associated with 
widespread and premature arteriosclerosis 
an elevation of serum cholesterol has been 
found, providing the study is adequate and 
carried on over a sufficiently long period. 
The fact that arteriosclerosis occurs in 
patients who have not been found to have 
elevated serum cholesterol levels may indi- 
cate only that our data are incomplete. 

Another factor to be considered is the 
wide range of the normal serum cholesterol. 
If one individual’s serum cholesterol ordi- 
narily is 160 mg./lOO cc. and is then 
increased to 250 mg., still a normal figure, 
I think we would have to say that this 
alteration was a significant one, and might 
be associated with infiltration of cholesterol 
into the tissues. 

Doctor: Have you gotten any leads from 
the animal work that could be applied to 
the clinical problem of preventing or 
minimizing arteriosclerotic lesions in man? 

Dr. Steiner: Of course the ultimate aim 
of the animal work is just that. At present 
we are building up a large dog colony for 
the purpose of standardizing the conditions 
necessary to induce arteriosclerosis in dogs 
so that we can systematically test out the 
various possibilities in prevention of the 
lesions under adequately controlled con- 
ditions. Experiments with lipotropic agents 
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such as choline, which appears to have a 
preventative effect in rabbit arteriosclero- 
sis, 9 have already been extended to dogs 
but we are not yet able to give you any 
results. In the meantime we are continuing 
our clinical observations; our attempts to 
lower serum cholesterol levels particularly 
in subjects with coronary sclerosis by dietary 
measures. As we learn more about the 
dietary precursors of cholesterol in man and 
about the intermediary metabolism of 
cholesterol, we can direct these efforts more 
intelligently. 

In any event, with the realization that 
arteriosclerosis is not an inevitable con- 
comitant of aging but may be due to 
factors that can be controlled, investigation 
in this field has become more aggressive. 
We believe that sufficient progress has been 
made to justify further intensive efforts to 
prevent or minimize arteriosclerosis in man. 

SUMMARY 

Dr. Alexander B. Gutman: In view of 
the fact that arteriosclerosis in one or 
another of its complications and sequelae 
is responsible for more disability and death 
than any other disorder, it is surprising how 
little has been discovered concerning its 
causes, natural history, prevention and 
treatment. This has been due in large part 
to the general attitude of apathetic accept- 
ance of arteriosclerosis as an inevitable 
consequence of aging. Moreover, such 
efforts as have been made to attack the 
clinical problem have been largely frus- 
trated by inadequate methods of diagnosis 
except upon presumptive evidence or by 
the indications of late complications; the im- 
possibility of quantitation of arteriosclerotic 
lesions during life; and the difficulty in dis- 
tinguishing clinically between intimal and 
medial sclerosis, two distinct abnormalties. 

In recent years a more aggressive attitude 
toward the problem of arteriosclerosis has 
evolved. This has, in large part, grown out 
of the successful production of atherosclero- 

9 Steiner, A. Effect of choline in the prevention of 
experimental aortic atherosclerosis. Arch. Path., 45: 327, 
1948. 


sis in experimental animals, first in rabbits 
by Anitschkow, more recently in guinea 
pigs, chickens and dogs; in the dog (like 
man, an omnivorous mammal) the lesions 
produced are reasonable facsimiles of hu- 
man arteriosclerosis as regards morphology, 
distribution and sites of predilection. The 
experimental reproduction of these lesions 
in young animals has encouraged the view 
that human arteriosclerosis may be due to 
factors that can be controlled. 

Experimental atherosclerosis is produced 
by the administration of large amounts of 
cholesterol with consequent marked hyper- 
cholesterolemia (in the case of the dog it 
has been necessary also to depress thyroid 
function with thiouracil). This has focused 
attention upon the possible role of choleste- 
rol in the pathogenesis of human arteri- 
osclerosis. There are other reasons for this 
special interest in cholesterol: (1) In human 
arteriosclerosis the earliest detectable lesions 
are deposits of lipids in the intima. Chemical 
examination of the lipids obtained from 
arteriosclerotic human aortas has disclosed 
that cholesterol constitutes 40 to 65 per 
cent of the phospholipid-free fat content; 
in addition there are small amounts of at 
least four oxidation products of cholesterol 
and one reduction product. (2) Arteri- 
osclerosis not infrequently develops pre- 
maturely and with great severity in such 
diverse diseases as poorly controlled dia- 
betes mellitus, xanthomatosis, nephrosis 
and myxedema which have in common a 
marked increase in the blood lipids, particu- 
larly cholesterol. It has therefore seemed 
justifiable to limit this clinic largely to a 
consideration of cholesterol and its deriva- 
tives, referring to the reviews of Cowdry, 1 
Duff, 2 Winternitz, 3 Hueper -1 and a recent 
Biological Symposium 8 for a more com- 
prehensive discussion of arteriosclerosis. 
Another excellent general review of arte- 
riosclerosis, by Gubner, will be found in the 
review section of this issue of the American 
Journal of Medicine. 

Cholesterol is a sterol, quantitatively by 
far the most important animal sterol and 
almost universally distributed in animal 
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tissues. Its function, however, is not known 
except insofar as it serves as a precursor of 
related physiologically active sterols. Part 
of the cholesterol in the body is absorbed 
from the preformed cholesterol of the diet 
but cholesterol is not an essential dietary 
constituent since, as is now clear, it can 
readily be synthesized by the body. Isotope 
technics have recently disclosed that ace- 
tate is an important precursor of cholesterol 
and that acetone is probably a source of the 
methyl groups. Neither acetate nor acetone 
as such are common constituents of the diet 
but large amounts are formed in the me- 
tabolism of fatty acids and ketogenic amino 
acids. Moreover, since carbohydrates are 
readily converted into fats in the body, it 
would appear that any dietary constituent 
may act as a precursor of cholesterol. This 
recent realization has important implica- 
tions in attempts to control human arteri- 
osclerosis by dietary measures. 

Much of the remainder of this Clinic was 
devoted to a detailed presentation • of the 
experimental production of atherosclerosis 
in dogs and rabbits by a group at the 
Columbia Research Service at Goldwater 
Memorial Hospital. Lesions were produced 
in young dogs by feeding 10 Gm. cholesterol 
daily in a standard diet otherwise containing 
less than 5 per cent fat, and simultaneously 
giving sufficient thiouracil to reduce the 
basal metabolic rate to about —15 to —20 
per cent as compared with the control level. 
This regimen was maintained for about a 
year during which time marked hyper- 
cholesterolemia (average levels in excess of 
1,000 mg. per cent) persisted. At necropsy 
extensive and advanced arteriosclerosis was 
found in these young dogs, including in- 
volvement of the aorta, coronary, renal 
and cerebral arteries. The fidelity with 
which arteriosclerosis in man was repro- 
duced is evident from the photomicro- 
graphs which illustrate extension into the 
media, hyalinization, hemorrhage and cal- 
cification although no ulceration into the 
lumen of the artery has yet been observed. 

The rabbit experiments described are of 
interest because they represent the first 
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successful attempt to produce atheromatosis 
by intravenous injection of stable cholesterol 
emulsions, specifically of 2.5 per cent cho- 
lesterol stabilized in 0.5 per cent sodium 
stearate. The results of this technic have 
shed much light upon the morphologic 
sequence of events in the genesis of arteri- 
osclerotic plaques. Upon injection the 
cholesterol is rapidly taken up by the cells 
of the reticuloendothelial system throughout 
the body. Particularly large amounts of 
lipid appear in the liver, first in the Kupffer 
cells, then in the parenchymal cells from 
which it gradually disappears, probably 
after esterification and other metabolic 
changes have been effected. In the intima 
of the aorta, lipid can be detected within 
three hours of injection, suggesting direct 
penetration of the intact endothelium by 
the lipid. But whereas the lipid eventually 
disappears from most tissues without leaving 
a recognizable trace or scar, its appearance 
in the intima initiates a characteristic 
sequence of tissue reactions resulting in 
what we designate an atheromatous plaque, 
which persists for a long time. These facts 
have implications of interest in human 
arteriosclerosis. 

Impressive though these experimental 
results are, it must be recognized that they 
are produced under conditions which have 
no counterpart in human arteriosclerosis. 
The amounts of cholesterol fed or injected 
are enormous relative to human dietary 
consumption of cholesterol; and in the dogs 
the basal metabolic rate must be reduced 
well below that of most clinical cases of 
arteriosclerosis. Marked and sustained hy- 
percholesterolemia was a sine qua non in the 
experiments described whereas arteriosclero- 
sis occurs frequently in human subjects with 
serum cholesterol levels within the normal 
range and with no history of recognized 
hypercholesterolemia in the past or any 
disease associated with hypercholesterole- 
mia. It may therefore be hazardous to 
draw too literal an analogy between the 
mechanisms of experimental and clinical 
arteriosclerosis. 
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The differences, however, may well be 
quantitative rather than qualitative. It is 
evident that there arc important species 
differences with regard to effective meta- 
bolic pathways for cholesterol. Man is 
predisposed to arteriosclerosis, to judge by 
the frequency of human arteriosclerosis as 
compared with the uncommon “spontane- 
ous” occurrence of intimal atheromatosis in 
old rabbits and dogs. It may well be that the 
factors operating in experimental cholesterol 
atheromatosis in the rabbit and dog (and 
these are deliberately intensified to acceler- 
ate the production of maximal lesions) arc 
needed in much lesser degree to provoke 
arteriosclerosis in man; and in some subjects 
specific abnormalities in lipid metabolism 
may accentuate the predisposition to arterio- 
sclerosis. It is not unlikely that many people 
do have transitory periods of absolute or 
relative hypercholesterolemia which remain 
unrecognized and these may suffice to initi- 
ate aortic lesions which leave permanent 
scars. There is a distinct possibility that not 
cholesterol itself but some substance related 
to cholesterol is immediately responsible for 
the initiation of aortic lesions, a possibility 
now under investigation despite the diffi- 
culties arising from our very imperfect 
knowledge of the intermediary metabolism 
of cholesterol. In any event the evidence 
relating arteriosclerosis to a disordered 
cholesterol metabolism is too suggestive to 
be ignored. 

The direct attack upon arteriosclerosis as 
it occurs in man is still in the exploratory 
stage. As there is no way to quantitate 
intimal atheromatosis and, therefore, to 
judge the effects of prophylactic and thera- 
peutic agents, it has been necessary to resort 
to determination of the blood levels of 
cholesterol and other lipids, a very tangen- 
tial approach. This has, however, already 
yielded some result. It would appear that 
the serum cholesterol .levels in patients with 
overt coronary arteriosclerosis tend to be 


significantly higher than in apparently 
normal subjects of the same age group, 
and also that the levels fluctuate much more 
widely. It has been known for some time, of 
course, that the diseases associated with 
marked and sustained hypercholesterolemia 
arc frequently complicated by the precoci- 
ous development of extensive arteriosclerosis. 

Studies in man of the effects of diets high 
in cholesterol and fat indicate that they 
have surprisingly little influence upon serum 
cholesterol levels. This is not due to failure 
to absorb cholesterol since estimation of the 
fecal sterol content in such experiments has 
revealed that man has an unexpectedly 
large capacity to absorb dietary cholesterol 
in the form of egg-yolk powder. How much 
of the absorbed cholesterol is then metab- 
olized 'and how much deposited in the 
tissues, a crucial point, has not, however, 
been possible of determination. It is un- 
certain, therefore, just what role the level 
of preformed cholesterol consumption may 
play in the production of arteriosclerosis. 

The effects of low cholesterol, low fat diets 
have not yet been adequately studied. 
There are indications that the serum 
cholesterol levels may decline somewhat, at 
least temporarily; the effects on intimal 
lipid deposits are not known. Since acetate 
precursor for synthesis is readily available 
in dietary fat, protein and carbohydrate, 
restriction of preformed cholesterol in the 
diet may well have a limited although per- 
haps limiting effect. 

At the present time attempts to prevent 
or minimize the development of arterio- 
sclerosis in man would seem to be largely 
dependent upon the progress of animal 
experiments. These have arrived at the 
stage where it is possible to standardize the 
conditions necessary to induce arteriosclero- 
sis regularly so that possible prophylactic or 
therapeutic agents, for example lipotropic 
agents, can be tested under reasonably 
controlled conditions. Such systematic pro- 
grams are now being organized. 
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T he patient, J. H. Y., (B. H. No. 
161904), a fifty-two year old white, 
married farmer, entered the Barnes 
Hospital on July 30, 1948, complaining of 
fever, weakness and weight loss. The patient 
was somewhat obtunded at the time of ad- 
mission but fragmentary information was 
secured from him and from his daughter. 
The family history was apparently irrele- 
vant. In regard to the past history it was 
stated that the .patient had had typhoid 
fever many years before admission and that 
he occasionally had mild respiratory infec- 
tions; otherwise, he apparently enjoyed 
excellent health and for many years had 
done hard physical labor while working his 
farm. He suffered a traumatic injury to his 
left eye many years ago. 

Two years before' admission to the Barnes 
Hospital the patient began having episodes 
of weakness. He consulted his physician 
several times and was told that he had 
u low blood pressure.” One year before 
entry he noted numbness of both his lower 
extremities and his gait became unsteady; 
he complained that unless he could see 
them he was unaware of the position of his 
feet. Eight months before coming to the 
hospital he developed a febrile episode 
which lasted one week and which was 
diagnosed by his physician as “flu.” Two 
months later chills and fever associated 
with nausea and vomiting appeared and 
persisted for two to three weeks. Diagnosis 
of malaria was made and quinine was pre- 


scribed; the patient continued taking the 
drug daily until his entry to the Barnes 
Hospital. Subsequently the patient enjoyed 
a period of ten to fourteen days during 
which he was practically symptom-free. 
Attacks of chills and fever returned, how- 
ever, and recurred repeatedly, each one 
lasting two to three weeks with periods of 
remission lasting one to two weeks; jaundice 
was thought to have been associated with 
some of the bouts. During the course of his 
illness penicillin was given on several oc- 
casions and six weeks before his entry to 
the Barnes Hospital he was taken to an 
outside hospital where he was said to have 
had “paralysis of the left arm and absent 
pain sensations in both legs.” Severe anemia 
was discovered but only one blood trans- 
fusion was given since there was apparently 
considerable difficulty in finding suitable 
donors. After he left the hospital the patient 
was somewhat improved but for two months 
before entry he noted that his stools were 
black. One month before admission he 
developed pain in the right upper quadrant 
which recurred on several occasions and 
two weeks prior to entry there was slight 
epistaxis. About a week before his admission 
to the Barnes Hospital the patient de- 
veloped high fever associated with almost 
continuous vomiting. During the course of 
his illness he had lost approximately 50 
pounds. 

Physical examination at the time of entry 
revealed the patient’s temperature to be 
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40.5°c., pulse 100, respirations 24 and blood 
pressure 90/60. The patient was a well 
developed but extremely emaciated male 
who appeared acutely ill. His skin was dry, 
pale, loose and hot, and signs of dehydration 
were pronounced. There was no significant 
lymph adenopathy. The conjunctivae were 
pale. The pupils reacted well to light and 
accommodation. There was an opacity of 
the lens of the left eye. Examination of the 
right optic fundus showed the vessels to be 
essentially normal, but one small, fresh 
hemorrhage was noted. The tongue was 
red and dry. The teeth were badly decayed. 
There was no distention of the neck veins 
and the trachea was in the midline. Ex- 
amination of the lungs revealed them to be 
clear to percussion and auscultation. The 
heart was normal in size and contour and 
the rhythm was regular. The sounds were 
rather distant and there was a grade n 
systolic murmur. The liver edge was felt 
8 cm. below the costal margin and was 
smooth and firm. The spleen extended 
12 cm. below the left costal border and its 
edge likewise was firm. Rectal examination 
was negative. Neurologic examination re- 
vealed complete absence of all tendon 
reflexes but the sensory examination was 
unsatisfactory. 

The laboratory'- data were as follows: 
Blood count: red cells, 1,900,000; hemo- 
globin, 4.5 Gm. per cent; white cells, 
3,800; differential count: stab forms, 6 per 
cent; segmented forms, 54 per cent; lympho- 
cytes, 36 per cent; monocytes, 4 per cent. 
Urinalysis: specific gravity, 1.010; albumin, 
1+; sugar, negative; sediment, occasional 
red blood cell. Stool: guaiac negative. 
Blood Kahn test: negative. Blood chemis- 
try: sugar, 106 mg. per cent; non-protein 
nitrogen, 50 mg. per cent; total protein, 6.8 
Gm. per cent; albumin, 2.8 Gm. per cent; 
globulin, 4.0 Gm. per cent; chlorides, 90 
mEq,/L.; carbon dioxide combining power, 
25 mEq./L.; cephalin-cholesterol floccula- 
tion test, 4 + ; icterus index, 10 units; thymol 
turbidity greater than 24 units. Electro- 
cardiogram: low T waves in leads 1 and 11 . 

Immediately upon admission to the 


hospital the patient was given parenteral 
fluids and penicillin therapy was instituted. 
He likewise received large doses of vitamin 
B complex and vitamin C parenterally. 
Hematologic consultation was requested 
and the red count, white count and differ- 
ential were found to be essentially those 
recorded during the routine admission 
studies. The platelet count was 585,000, 
the reticulocytes, 1.8 per cent. The cell 
indices were as follows: mean corpuscular 
volume, 80 cu. micra; mean corpuscular 
hemoglobulin, 27 gamma gamma; mean 
corpuscular hemoglobin concentration, 34 
per cent. Sternal marrow aspiration was 
performed and revealed a normal number 
of granulocytes with toxic granulation, 
marked decrease in the erythroid elements 
and a definite increase in the number of 
plasma cells and reticulum cells. There 
were many small, round cells, the identity 
of which was not clear. 

Further laboratory studies performed at 
this time were as follows: Agglutinations 
against tularcnse, brucella and typhoid 
antigens were negative; the circulation time 
(dccholin) and venous pressure were within 
normal limits. Examination of the urine 
revealed that it contained bile but no Bence- 
Jones protein. The blood calcium was 
9.4 mg. per cent; the phosphorus 5.2 mg. 
per cent; alkaline phosphatase, 9 Bodansky 
units; acid phosphatase, 3.9 King-Arm- 
strong units and the chlorides, 103 mEq./L. 

On the third hospital day the patient 
was ty'ped and found to belong to group A, 
Rh positive. He was given two whole blood 
transfusions without immediate reaction, 
but on the following day jaundice was 
noted and the icterus index rose to 52.5 
units. At that time the van den Bergh test 
was as follows: sodium bilirubinate, 6.3 mg. 
per cent; bilirubinglobin, 3.5 mg. per cent. 
Skin tests were performed with first and 
second strengths of purified protein deriva- 
tive and with histoplasmin and coccidioidin; 
all were negative. Because the patient’s 
temperature continued to be very high 
despite adequate penicillin dosage, he was 
started on streptomycin therapy on the 
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fifth hospital day, receiving a total dose of 
1 .2 Gm. daily. Desoxycorticosterone acetate 
was given in an attempt to correct persistent 
hypotension. 

In the first three to four days of his hospital 
stay the patient continued to be somewhat 
obtunded but subsequently his sensorium 
cleared. On the sixth day a lumbar puncture 
was performed; the dynamics were normal 
as were the cell count, protein, colloidal 
gold curve and Wassermann. The tem- 
perature continued to range around 39°c. 
although occasionally it fell temporarily to 
lower levels. On the day before death repeat 
blood studies revealed the red count to be 
2,070,000, hemoglobin, 5 Gm. per cent and 
white count, 3,400; the non- protein nitrogen 
had fallen to 32 mg. per cent, the carbon 
dioxide combining power was 27 mEq. /L. 
and the chlorides were 101 mEq. /L. The 
icterus index was 25 units and the total 
bilirubin was 3.2 mg. per cent. Repeated 
blood cultures were negative. On the final 
hospital day, August 7, 1948, the patient 
complained of being chilly; that night his 
temperature was 39.1°c. but he had no 
unusual complaints. Late that evening he 
called for a bed pan and when the nurse 
saw him a few minutes later he was dead. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: Before we 
undertake discussion of this case I shall ask 
Dr. Grunow to comment on the x-ray films. 

Dr. Otto H. W. Grunow: The chest 
film was not remarkable. The trachea was 
in the midline, the great vessels showed 
normal width and contour and the heart 
was not enlarged. There was no hilar 
adenopathy and both lung fields were 
entirely clear. An open film of the abdomen 
showed a small area of density in the right 
upper quadrant which conceivably repre- 
sented a gallstone. Although the liver edge 
was described as extending 8 cm. below the 
costal margin, it did not appear abnormally 
large in the film. The kidney shadows were 
not outlined too well but the left kidney 
appeared to be displaced downward. The 
splenic flexure of the colon was likewise 
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depressed by a large mass in the left upper 
quadrant, presumably the spleen, but which 
conceivably might lie in the tail of the 
pancreas. Films of the lumbar spine were 
within normal limits. 

Dr. Alexander: This case presents a<- 
difficult diagnostic problem, characterized 
by fever of unknown origin associated with 
anemia and hepatosplenomegaly in an 
acutely ill patient. This patient was also 
said to have had a systolic murmur and 
I should like to begin by asking Dr. Smith 
whether he thinks that a diagnosis of sub- 
acute bacterial endocarditis should be 
entertained. 

Dr. John R. Smith: Whenever a cardiac 
murmur is audible in a patient who has 
fever, splenomegaly and the other signs 
which were seen here, one must certainly 
consider that diagnosis. In this particular 
case, however, I do not believe that the 
diagnosis is very probable. 

Dr. Alexander: The fact that this 
patient had a murmur, fever, a retinal 
hemorrhage and occasional red cells in the 
urine all suggest to me the diagnosis of 
bacterial endocarditis possibly due to one 
of the less common organisms. In the last 
few years at these conferences we have 
seen atypical cases of endocarditis due to 
fungi such as Histoplasma capsulatum or 
Actinomyces. 

Dr. Thomas H. Hunter: It would be 
most extraordinary for subacute bacterial 
endocarditis to continue for two years with- 
out any cardiac enlargement, pulmonary 
congestion or signs of cardiac failure. 

Dr. Alexander: Dr. Massie, what is 
your view on this point? 

Dr. Edward Massie: I would agree with 
Dr. Hunter. 

Dr. W. Barry Wood, Jr.: Is not leuko- 
penia rather uncommon in subacute bac- 
terial endocarditis? 

Dr. Massie: Yes, it certainly is but I 
have seen an occasional case in which 
leukopenia was present. 

Dr. Alexander: Let us now consider the 
signs of liver disease. This man certainly 
had disturbed liver function. Dr. Duden, 
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would you comment on the possibility that 
the liver was primarily involved in the 
disease process? 

Dr. Charles W. Duden: Certainly hepa- 
tomegaly, splenomegaly, abnormal bleeding 
and signs of disturbed liver function lead 
one to consider diseases of the liver such as 
hepatitis or even cirrhosis, but I doubt that 
either of these represented the primary 
diagnosis. 

Dr. Alexander: The patient had inter- 
mittent jaundice and the flat film of the 
abdomen showed a shadow which could 
have been a gallstone. Likewise, he had 
pain in the right upper quadrant. Dr. 
Scheff, could this man have had biliary 
obstruction with infection? 

Dr. Harold Scheff: I do not believe 
that the clinical picture observed here 
could possibly have been secondary to 
biliary obstruction. I should like to suggest 
Hodgkin’s disease as a possibility. 

Dr. Alexander: That is a very good 
suggestion but before we take it up I should 
like Dr. Moore to comment on the liver 
function tests and on the recurrent jaundice. 

Dr. Carl V. Moore: Since there was an 
increase in both the sodium bilirubinate 
and sodium bilirubinglobin, I would be 
inclined to believe that this patient had 
intermittent biliary obstruction and hepato- 
genous jaundice. 

Dr. Alexander: In addition to subacute 
bacterial endocarditis are there any other in- 
fectious diseases which should be considered? 

Dr. Carl G. Harford: Actually I do not 
believe this patient had an infectious disease 
but on the basis of the data at hand histo- 
plasmosis should be considered. 

Dr. Alexander: Your point is well taken 
in view of the clinical picture. If this patient 
indeed had had histoplasmosis, Dr. Moore, 
when the bone marrow studies were done, 
would it not have been likely that the 
organism would have been found? 

Dr. Moore: With the exception of one 
case at the Children’s Hospital, we have 
never found histoplasma by bone marrow 
aspiration. I have, however, seen cases in 
other clinics in which the diagnosis was 


substantiated by that procedure. I am 
confident that had this man had histo- 
plasmosis the organism would have been 
recovered from his bone marrow in view 
of the marked involvement of that tissue. 
I think we can say that this man had a 
granulomatous disease but I am not able 
to define the specific one at this time. 

Dr. Alexander: Why do you believe 
that a granulomatous process is a most 
probable diagnosis? 

Dr. Moore: The presence of persistent 
high fever, leukopenia without shift to the 
left in the presence of abnormal cells in the 
bone marrow, hepatomegaly, splenomegaly 
and involvement of the gastrointestinal 
tract all point to such a disease. 

Dr. Alexander: I think you make a 
strong case for one of the so-called granulo- 
mas. Let us consider a few other diagnoses 
if only to eliminate them. Is undulant fever 
a very likely possibility, Dr. Harford? 

Dr. Harford: This patient’s course 
would have been quite unusual for undulant 
fever since it was severe and progressive. 
Almost all of the signs are much more 
severe than would usually be expected in 
brucellosis. 

Dr. Alexander: Would one not have 
expected the blood cultures to have been 
positive had this patient had brucellosis? 

Dr. Harford: Yes, the likelihood of the 
organism having been recovered upon 
repeated blood cultures would have been 
good although, of course, negative blood 
cultures do not completely rule out the 
disease. 

Dr. Alexander: What about the ag- 
glutination test? 

Dr. Harford: The negative agglutina- 
tion test also constituted evidence against 
the diagnosis of brucellosis, particularly at 
this advanced stage. 

Dr. Moore: I should like to ask Dr. 
Harford about the results of the skin tests 
for tuberculosis, histoplasmosis and coccid- 
iodomycosis. Should doubt be cast on the 
negative skin tests in view of the extreme 
severity of this man’s illness? 
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Dr. Harford: It is probably true that 
skin tests are less reliable in a terminal 
illness; especially in tuberculosis a so-called 
anergic state is said to occur in the agonal 
stage of the disease. 

Dr. Margaret G. Smith: At the Chil- 
dren’s Hospital recently a child who at 
autopsy was found to have histoplasmosis 
had repeatedly negative skin tests with 
histoplasmin. 

Dr. Alonza L. Farr: There are recent 
reports in the literature of patients with 
proven histoplasmosis who had positive 
skin tests. In these patients, however, the 
skin tests were usually performed repeatedly 
and it is conceivable that the positivity was 
due to development of hypersensitivity not 
as a result of the disease per se but rather 
because of repeated exposure to the test 
antigen. There is also a report of nine 
patients with fatal histoplasmosis in five of 
whom histoplasmin skin tests were negative. 
Since a very large percentage of the popula- 
tion in this part of the country have positive 
histoplasmin skin tests, I do not see that 
too much stress can be placed on the results 
one way or the other. 

Dr. Massie: I should like to ask Dr. 
Moore to comment on the neurologic 
findings in regard to the anemia. 

Dr. Moore: Nothing in the hematologic 
findings suggested the diagnosis of perni- 
cious anemia. I believe that the neurologic 
findings were more likely due to multiple 
vitamin deficiency which the patient proba- 
bly had for a long time and which may 
have been exaggerated by the persistent 
high fever. I am unable to explain the 
neurologic manifestations in terms of the 
blood findings. 

Dr. Alexander: It was stated that when 
the patient was admitted to the outside 
hospital his arm was paralyzed. No evidence 
of such paresis was observed on his ex- 
amination here. 

Dr. Harford: Is it conceivable that the 
fact that this patient took quinine for a long 
period of time may have given rise to a 
state of hypersensitivity which may have 
been responsible for the terminal illness? 

. January, 1949 


129 

Dr. Alexander: I have never seen 
hypersensitivity to quinine in my experi- 
ence. Perhaps, Dr. Saunders would discuss 
this point. 

Dr. George M. Saunders: We saw many 
natives in endemic malarial regions who 
had taken quinine for long periods of time 
without ever developing sensitivity. 

Dr. Alexander: Let us now attempt to 
define further what granulomatous disease 
this patient may have had. Dr. Moore, you 
said that the bone marrow aspiration 
showed some unusual small cells. Are you 
now able to dilate further on their nature? 

Dr. Moore: No, I cannot. They were 
either lymphocytes or so-called primitive 
cells. There is a great deal of discussion 
among hematologists in regard to the 
nature of the latter; they are frequently 
seen but I do not believe that they have 
specific diagnostic significance. The increase 
in reticulum cells and plasma cells was 
compatible with any granuloma. 

Dr. Alexander: In view of the increase 
in plasma cells and the high serum globulin 
should multiple myeloma be considered? 

Dr. Moore: I believe multiple myeloma 
is extremely unlikely. 

Dr. Alexander: Dr. Scheff, you sug- 
gested Hodgkin’s disease. On what features 
do you base your suggestion? 

Dr. Scheff: Anemia, hepatosplenomegaly 
and gastrointestinal symptoms may all be 
identified with Hodgkin’s disease. Further- 
more, the remittent fever brings to mind 
so-called Pel-Ebstein fever which is said 
to be particularly common in abdominal 
Hodgkin’s disease. 

Dr. Alexander: Is intermittent jaundice 
compatible with your interpretation? 

Dr. Scheff: It is not common but may 
occur if the liver is involved. 

Dr. Alfred Goldman: Is not jaundice 
in Hodgkin’s disease more often due to 
so-called acute acquired hemolytic anemia? 

Dr. Moore: Yes, that is correct. Hemo- 
lytic jaundice may occur in Hodgkin’s 
disease. Occasionally, intermittent biliary 
obstruction is seen when enlarged lymph 
nodes impinge on the common bile duct. 
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It would be quite difficult to explain 
hepatogenous jaundice in Hodgkin’s disease 
and I am not sure that I can suggest a 
suitable mechanism for it. It should also 
be remembered that this patient had an 
increase in jaundice after transfusion; that 
conceivably could have been due to homol- 
ogous serum jaundice or perhaps the cells 
were hemolyzed following transfusion al- 
though they were compatible as far as 
cross matching was concerned. 

Dr. Alexander: Is leukopenia of any aid 
in differential diagnosis? 

Dr. Moore: No, it may occur in any 
granulomatous disease. 

Dr. Wood: Dr. Moore mentioned granu- 
lomatous diseases and so far we have 
discussed histoplasmosis, brucellosis and 
Hodgkin’s disease. What other granuloma- 
tous diseases was he considering? 

Dr. Moore: The term may be used to 
include tularemia, paratyphoid fever or 
tuberculosis. I do not think that tuberculo- 
sis is a very good possibility. 

Dr. Alexander: Dr. Fields, would you 
comment on the neurologic findings? 

Dr. William S. Fields: If it had been 
possible to do a satisfactory sensory ex- 
amination at the time that the patient was 
admitted to the hospital, we would perhaps 
be in a better position to discuss this point. 
His neurologic complaints began two years 
before admission, and at one time he was 
said to have had paralysis of one arm. The 
earlier findings suggest involvement of the 
dorsal lateral portion of the cord, but 
the improvement is hard to explain. 

Dr. Duden: Although there is much 
against a diagnosis of pancreatic malig- 
nancy, some of the findings would be in 
keeping with that possibility. Carcinoma 
of the body or tail of the pancreas is often 
identified with idiopathic venous thrombo- 
ses, and it is conceivable that portal vein 
thrombosis could have given rise to the 
large liver and spleen and that venous 
thromboses in the cord might have ex- 
plained the neurologic findings. 

Dr. Alexander: I think that is a very 
interesting suggestion. 


A Student: Does the presence of toxic 
granulation rule out malignancy? 

Dr. Moore: Since many forms of malig- 
nancy may give rise to persistent fever and 
since fever is often identified with toxic 
granulation of the polymorphonuclear leu- 
kocytes, I do not think that the finding is of 
any value in differential diagnosis. 

Dr. Alexander: Dr. Goldman, Dr. 
Moore dismissed tuberculosis as an unlikely 
possibility. What is your belief on this point? 

Dr. Goldman: In this particular case 
tuberculosis in the absence of any pulmo- 
nary involvement would be most unusual. 
We have seen it limited to the spleen and 
liver and when it does involve the liver 
abnormalities in the peripheral blood fre- 
quently occur. I think the negative purified 
protein derivative skin tests mitigate against 
the diagnosis of tuberculosis despite the 
fact that in terminal cases anergy occasion- 
ally does occur. 

Dr. Samuel B. Guze: I have seen cases 
in which the Division of Hematology has 
made a diagnosis of reticulum cell sarcoma, 
presumably on the basis of bone marrow 
studies. In this case reticulum cells were 
described in the bone marrow smear. 
Would Dr. Moore comment on the factors 
involved in arriving at the diagnosis of 
reticulum cell sarcoma on the basis of bone 
marrow findings? 

Dr. Moore: If we made a diagnosis of 
reticulum cell sarcoma on the basis of the 
bone marrow examination alone, we were 
probably over confident. The only time 
that such a diagnosis can be made on that 
basis is when the number of reticulum cells 
is very great and when there are easily 
demonstrable mitotic figures within the 
reticulum cells themselves. 

Dr. Alexander: Dr. Moore, which of the 
so-called lymphoma group would you think 
was the most likely considering all of the 
evidence here? 

Dr. Moore: I think the findings are 
more in keeping with Hodgkin’s disease 
than they would be with any of the other 
forms of lymphomas such as reticulum cell 
sarcoma or lymphosarcoma. 
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Dr. Wood: On one occasion when this 
patient had a temperature of approximately 
40°c. he was given 1.2 Gm. of aspirin and 
his temperature fell dramatically to within 
normal limits. Sometime ago we had another 
patient with Hodgkin’s disease with a high 
temperature and following a similar dose 
of aspirin his temperature fell to 35°c. At 
the time we consulted the literature and 
found that patients with Hodgkin’s disease 
who have fever may be very sensitive to the 
antipyretic action of salicylates. Perhaps our 
observation in this case adds further evi- 
dence in favor of the diagnosis of Hodgkin’s 
disease. 

Dr. Alexander: Do you favor Hodgkin’s 
disease, Dr. Wood? 

Dr. Wood: Yes, I believe this man had a 
granulomatous disease, probably one of the 
lymphomas and among the lymphomas I 
would rate Hodgkin’s disease the most 
likely. 

Dr. Alexander: In summary then, this 
acutely ill patient with fever, hepatomegaly, 
splenomegaly and severe anemia is thought 
probably to have had Hodgkin’s disease, but 
other granulomatous diseases, such as histo- 
plasmosis, tuberculosis and brucellosis, have 
been considered and malignancy of the tail 
and Jaody of the pancreas has also been 
mentioned. We shall ask the pathologists to 
clarify the situation for us. 

Clinical Diagnosis: Hodgkin’s disease. 

PATHOLOGIC DISCUSSION 

Dr. Eli M. Nadel: At autopsy the 
axillary, cervical and inguinal lymph nodes 
were not enlarged. There were 500 cc. of 
fluid in the right pleural cavity and 350 cc. 
in the left. 

The lungs weighed 1 ,900 Gm. There were 
a few fibrous adhesions on the lateral surface 
of the upper lobe of the right lung. Grey, 
confluent, fibrinous areas were present in 
both lungs together with a moderate amount 
of emphysema, congestion and edema. The 
tracheobronchial lymph nodes were moder- 
ately enlarged. Acute tracheobronchitis was 
present. 
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The pericardial sac contained 30 cc. of 
clear fluid. The heart weighed 350 Gm.; the 
cut surface of the myocardium was pale 
and the entire organ was moderately flabby. 
A few small, fibrous adhesions of the peri- 
cardium were noted in the atrioventricular 
groove. 

The peritoneal cavity contained 250 cc. 
of clear fluid. A few fibrous adhesions were 
present between the omentum, gallbladder, 
liver, duodenum and colon. There was a 
calcified omental tag adherent to the gall- 
bladder. The liver was markedly enlarged, 
weighing 2,780 Gm. The surface was smooth 
and the cut edge was pale, showing uniform 
enlargement and prominence of the indi- 
vidual lobules. The spleen was markedly 
enlarged; it weighed 1,370 Gm. The capsule 
over its lateral surface had a puckered, 
calcified area of thickening 3 cm. in diame- 
ter. The cut surface of the spleen was soft 
and bulged and there were many fairly 
well defined grey areas having an average 
diameter of 3 to 4 cm. The splenic pulp was 
congested. 

Both kidneys were enlarged; the left 
weighed 240 Gm. and the right 210 Gm. 
Both capsules were moderately adherent. 
There was congestion in the cortex and 
medulla but the corticomedullary junction 
was well defined. There was generalized 
mottling of the surface by confluent grey 
areas. Over the surface of the upper pole 
white areas were seen. The pelves and 
ureters were grossly normal. 

The adrenals were small, weighing to- 
gether only 11 Gm. The cortices were thin 
and poor in lipids. 

There was moderate enlargement of all 
of the retroperitoneal and peripancreatic 
nodes. Nodes along both curvatures of the 
stomach and in the protahepatic regions 
were similarly enlarged but the mesenteric 
nodes were not remarkable in size. The 
enlarged nodes were discrete, movable, 
elastic and on cut surface showed a pre- 
dominance of grey uniform tissue. 

Congestion, ecchymoses and petechiae 
were noted in the mucosa of the urinary 
bladder and gastrointestinal tract. 
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Fig. 1. Fibrosis and infiltration of Hodgkin’s tissue with mtiltinuclcated giant cells in the spleen. 

Fig. 2. Multinucleated giant cells, with prominent nucleoli and chromatin of the typical Rccd-Stcrnberg type, 
and plasma cells in a section of spleen. Similar cells were present in lymph nodes, bone marrow, lungs, liver 
and kidneys. 

Fig. 3. Focus of involvement of the bone marrow by Hodgkin’s disease. 

Fig. 4. Sections of hyperplastic bone marrow from portions not directly involved by Hodgkin’s disease. 


Dr. Margaret G. Smith: On the basis 
of the gross findings we were not ready to 
make a definitive diagnosis. So large a spleen 
with such minimal involvement of the 
abdominal lymph nodes is certainly unusual 
in Hodgkin’s disease. Figure 1 is a moder- 
ately low power photomicrograph of the 
spleen; it shows an increase of fibrous tissue 
around the small arterioles and loss of the 
normal architecture of the spleen. A con- 
siderable number of very large cells may 
be seen. In Figure 2 these large cells are 
shown under higher power; they are charac- 
terized by multiple nuclei, prominent nucle- 
oli and definite nuclear membranes. Other 
similar cells having a single nucleus are also 
present as are a considerable number of 
plasma cells and lymphocytes; there is only 
an occasional eosinophilic leukocyte. The 
number of plasma cells in the spleen and 
other organs was somewhat greater than 


one usually finds in Hodgkin’s disease but 
cases have been described in which plasma 
cell infiltration was conspicuous. We made 
a diagnosis of Hodgkin’s disease on the 
basis of the microscopic appearance of these 
two sections. 

The next section (Figure 3) is from the 
bone marrow and the findings again are 
quite consistent with the diagnosis of Hodg- 
kin’s disease. There is an increase in collagen 
and in the large cells with vesicular nuclei 
and prominent nucleoli; again a consider- 
able number of lymphocytes and plasma cells 
which are not seen well in this photograph 
were identified. Areas such as this one were 
quite widespread through sections of verte- 
bral marrow. The next section (Fig. 4) is of 
uninvolved marrow and shows hyperplasia 
of the erythroid and myeloid elements. 
Even in such areas as this in which there 
was relatively normal blood formation 
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Fig. 5. Portal areas of the liver infiltrated by Hodgkin’s disease and containing slight proliferation of small 
bile ducts. 

Fig. 6. Infiltration and increased fibrous tissue in the portal spaces and central atrophy of the hepatic cords. 
Fig. 7. Focus of involvement of the lung by Hodgkin’s disease with congestion and edema of the uninvolved 
alveoli. 

Fig. 8. Hemoglobin cast in one renal tubule and granules of iron in the epithelium of a tubule in the right 
upper corner. 


plasma cells were present. Sections from 
some of the lymph nodes exhibited changes 
diagnostic of Hodgkin’s disease but at least 
one node from the abdominal cavity showed 
practically no such change. In general 
there was minimal involvement of the lymph 
nodes but plasma cells were prominent. 

In the periportal tissue throughout the 
liver there is infiltration of cells of types 
similar to those seen in other organs. (Fig. 
5.) There is also marked atrophy of the 
hepatic cords in the central portions of the 
lobules, possibly associated with the severe 
anemia. Some fibrosis is present in the 
tissues about the portal zones and a little 
proliferation of the bile ducts in those areas 
is noted, again with the characteristic giant 
cells present. Figure 6 presents a higher 
power view of these findings. 

In Figure 7 a small area of Hodgkin’s 
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tissue in the lung is shown. There is fibrosis 
in what appears to be a nodule of lymphoid 
tissue; plasma cells and the characteristic 
large cells of Hodgkin’s disease are present. 
The marked edema in the alveoli represents 
a terminal phenomenon. 

The kidneys were quite large and had a 
mottled appearance. Figure 8 shows a 
tubule deep in the cortex near the edge of 
the medulla. It contains a cast which had 
the brick red color characteristic of hemo- 
globin pigment. There is also destruction 
of the epithelium of this particular tubule. 
In the cells of an adjacent tubule very 
definite brown granules are present, proba- 
bly iron. There is also swelling of the epi- 
thelium in the convuluted tubules and 
edema of the interstitial tissue. We thought 
that these findings were compatible with 
the changes of hemoglobinuric nephrosis 
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although of a very slight degree. A small 
nodule showing the characteristic changes 
of Hodgkin’s disease was also present in the 
kidney. 

This case had some unusual features. The 
microscopic observations were quite charac- 
teristic of Hodgkin’s disease although the 
large number of plasma cells was somewhat 
unusual. Another uncommon feature was 
the limited and inconstant involvement of 
lymph nodes. There arc several cases in the 
literature, however, in which only slight 
involvement of the lymph nodes was present. 
One such example was reported by Dr. 
Krumbhaar; 1 he cited a case in which 
although the spleen was very large there was 
no involvement of the lymph nodes. Another 
case was reviewed by Steiner in which there 

1 Krumbhaar, E. R. Hodgkin’s disease of bone mar- 
row and spleen without apparent involvement of lymph 
nodes. Am. J. A f. Sc., 182: 766, 1930. 


was involvement of the bones and liver with 
no involvement of the lymph nodes. 1 

Thus, despite the atypical gross aspects, 
the microscopic findings in this case were 
characteristic of Hodgkin’s disease and a 
definitive diagnosis could be established. 

Pathologic Diagnoses: Hodgkin’s disease 
involving the spleen, bone marrow, liver, 
abdominal lymph nodes, lung and kidney; 
congestion and edema of the lungs; hydro- 
thorax (right 300, left 350 cc.); hydro- 
peritoneum (250 cc.); ccchymoses and 
pctechiae in the gastrointestinal tract, 
urinary bladder and adventitia of the 
ascending aorta; hemoglobinuric nephrosis, 
slight. 

Editor's Note: Reprints of these conferences are now 
available. Requests should be sent to Dr. Robert J. Glaser, 
Department of Medicine, Barnes Hospital, St. Louis 10, 
Mo. 

1 Steiner, P. E. Hodgkin’s disease. Arch. Path., 36: 
627, 1943. 
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Case Report 

Spontaneous Hemopneumothorax with 

Recovery* 

Virgil J. Dorset, m.d. and Luther L. Terry, m.d. 

Baltimore , Maryland 


+ lthough spontaneous pneumothorax 
,/\ is a common condition, the sudden 
J occurrence of blood and air in the 
pleural cavity of an apparently healthy in- 
dividual is rare. In 1 942 Hartzell 4 collected 
forty published cases with references and 
presented an excellent review of the litera- 
ture on the subject. At the same time he 
reported four additional cases observed at 
the Cleveland City Hospital during a ten- 
year period. Further search of the literature 
prior to 1942 revealed four other cases not 
mentioned by Hartzell which were reported 
by Bouchut and Beaupere in 1924, 1 Doris 
in 1928, 2 Leggett, Myers and Levine in 
1934 7 and Maxwell in 1938. 8 Since 1942, 
six additional cases have been reported 
by Tannenbaum, 11 Snively, Shuman and 
Snively, 10 Lea, 6 Payn and Lief, 9 Franklin 3 
and Helwig and Schmidt. 5 The report of 
Helwig and Schmidt presented a review of 
the thirteen fatal cases upon which autopsy 
studies were available and added one case 
of their own. 

Thus, medical literature contains reports 
of approximately fifty-four cases of spon- 
taneous hemopneumothorax and autopsy 
findings on fourteen of those who died. 

The following report is that of hemopneu- 
mothorax occurring in a healthy young 
individual who was carefully studied at the 
time and who has remained well for one 
year following the attack. 

case report 

M. W. L., a twenty-seven year old white 
female employed as a surgical ward secretary 
in this hospital, was admitted August 4, 1946, 
complaining of pain in her left chest. 


She stated that during the night of August 2, 
1946, she noticed pain between her scapulae. 
The following day she had slight pain in her left 
chest, exaggerated at times by deep inspiration. 
A slight non-productive cough developed. When 
bending over, she noticed a “rolling sensation” 
in her left chest. On the evening of August 3rd 
she took a hot bath, felt better and went to a 
baseball game. Later that evening at home she 
experienced severe left chest pain which ex- 
tended from the sternum to the vertebral 
column. The following day continued pain in 
the left chest and shoulder and a non-productive 
cough caused her to seek medical attention. 

Past history revealed that the patient had had 
a similar attack of pain in her left chest in April, 
1 946 which lasted for eight hours. X-ray of the 
chest at that time showed no evidence of 
disease. She denied any past history suggestive of 
tuberculosis and denied any contact with 
tuberculous persons. 

Physical examination disclosed a fairly well 
developed and well nourished white female 
twenty-seven years of age who was propped up 
in bed on pillows. Blood pressure was 134/94, 
temperature 37.2°c., pulse 120 and respirations 
20. She appeared pale but not acutely ill and 
was not dyspneic at rest. Examination of the 
head and neck revealed no pertinent findings. 
Some lag of the left chest was noted on deep 
inspiration. There was dullness on percussion, 
absent vocal fremitus and distant to absent 
breath sounds over the lower left chest, especially 
posteriorly. No rales were heard. Heart size, 
sounds and rhythm were normal. The ab- 
domen was soft and pliable. Some tenderness 
to pressure was noted at the left costovertebral 
angle. The liver and spleen were not palpable. 
The extremities were normal. 

Laboratory data: Urinalysis was normal. 
Kline and Kahn serologic tests were negative. 
The platelet count was 340,000, bleeding time 
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Fig. 1. X-ray of chest on admission showing liemo- 
pneumothorax on left. 

2 minutes, coagulation time by the tube 
method 9 minutes and prothrombin time 13 
seconds, control 1 1 seconds. 

X-ray of the chest on admission showed a left 
hydropneumothorax with the fluid level at the 
second interspace anteriorly. (Fig. 1.) The 
entire right lung was clear and the heart shadow 
was not significantly displaced. An electro- 
cardiogram was within normal limits. 

Shortly after admission a diagnostic thora- 
centesis was performed and revealed fluid which 
had the appearance of whole blood. Only 
120 cc. was removed but the patient noted a 
considerable decrease in the left chest discom- 
fort. Further aspirations were performed every 
few days and it was noted that the fluid 
gradually became less bloody. The date and 
quantities of fluid removed as compared with 
peripheral blood findings are shown in Table x. 
There was no evidence of further bleeding after 
admission. Her temperature occasionally reached 
37.6 °c. (99.7°f.) during the first week of 
hospitalization but remained normal thereafter. 
Penicillin was given parenterally for the first 
nine days and 50,000 units were instilled in the 
chest at the time of each aspiration. Ferrous 
sulfate, multivitamins, ascorbic acid and vita- 
min K were given by mouth. There was a 
gradual rise in the hemoglobin and red cell 
count of the peripheral blood. The patient im- 
proved symptomatically as the amount of chest 
fluid decreased. She was discharged on the 
twenty-seventh hospital day, at which time 
x-ray revealed almost complete re-expansion 
of the lung with a small amount of fluid re- 
maining in the left costophrenic sulcus. 





Fig. 2. X-ray of chest fourteen months after hemo- 
pneumothorax showing completely normal appear- 
ance throughout. 


On September 17, 1946, x-ray examination 
of the chest showed the lung fully expanded but 
a small amount of fluid still remained in the 
costophrenic sulcus. The patient was asympto- 
matic except for occasional mild discomfort in 
the left chest; the blood count was essentially 
normal. She was allowed to return to duty on 
October 7, 1946. 

During the twelve months subsequent to the 
attack the patient was seen at frequent intervals 
and x-rays of the chest were obtained about 
ever)' two months. A film on November 6, 1 946, 
showed complete absorption of all fluid and 
x-rays showed both lungs to be completely 
clear on all occasions. An x-ray of the chest 
obtained on September 30, 1947, fourteen 
months after the initial attack, revealed normal 
lung fields. (Fig. 2.) Subsequent x-ray examina- 
tions, the last of which was taken on May 19, 
1948, approximately twenty-one months after 
the onset, also were clinically negative. The 
patient has resumed her normal life and has 
remained well. She complained of occasional 
mild discomfort in the left chest but otherwise 
was completely asymptomatic. 

Guinea pig inoculation with the chest fluid 
failed to show any evidence of tuberculosis. 
Skin test with the first test dose of purified 
protein derivative (0.00002 mg.) showed a 
positive reaction in forty-eight hours. 

COMMENTS 

Review of the literature on spontaneous 
hemopneumothorax reveals that all of the 
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previous cases but one have occurred in 
males. This is the second reported case in a 
female. The average age of all patients has 
been twenty-six years, with a range from 
seventeen to forty-four years of age. 

The etiology of spontaneous hemopneu- 


termined and in three cases no lesions of 
the collapsed lung could be found. 

The onset of symptoms in most reported 
cases was characterized by pain in the 
involved side of the chest followed in a few 
hours, or days in some instances, by weak- 
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2.057 cc. 

11-6-46 


13 

10,000 

9 







8-4-47 

4,640,000 

12.5 

12,500 

14 



mothorax is not clear but most authors 
believe that it is not different from spon- 
taneous pneumothorax. They believe that 
the bleeding is simply a complication of 
the latter condition and that it is due to 
rupture of an emphysematous bleb or of a 
pleural adhesion. However, the majority 
of cases reported have not been associated 
with unusual physical or respiratory exer- 
tion. Other authors have attributed the 
condition to small unrecognized tuberculous 
lesions. Helwig and Schmidt, 5 in a recent 
review of the autopsy findings on fourteen 
cases, showed that the source of the bleeding 
was not demonstrated in half of the cases. 
However, the majority of the patients 
showed apical pleural scars and six had 
adhesions involving the lung. Emphysema- 
tous bullae were observed ten times, 
ruptured bullae four times and torn pleural 
adhesions five times. In many instances the 
origin of the pneumothorax was not de- 
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ness, dyspnea, pallor and faintness. The 
interval between the onset of pain and the 
signs of shock was apparently dependent 
upon the rate of blood loss. In some cases 
the presenting symptom was abdominal 
pain. Exploratory laparotomy was con- 
sidered not infrequently and two patients 
were operated upon with negative findings 
resulting. Nausea, vomiting, diarrhea and 
pain in various parts of the abdomen were 
mentioned in several cases. 

The physical findings were usually those 
of pneumothorax with fluid. Mediastinal 
shift was noted as a rule in cases of massive 
hemorrhage and was usually associated 
with a weak thready pulse, low blood pres- 
sure, sweating and dyspnea. Low grade 
fever and moderate to severe secondary 
anemia were found as a rule. The leuko- 
cyte counts varied from 6,000 to 20,000. 
Sputum examinations were invariably nega- 
tive for acid-fast bacilli. Platelet counts, 
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prothrombin, bleeding and coagulation 
times were normal when obtained. 

The clinical course of most patients who 
survived the initial period of shock and who 
showed no signs of continued bleeding was 
that of gradual steady improvement and 
recovery without complications. However, 
fourteen of the fifty-four reported cases 
terminated fatally. No cases of recurrent 
spontaneous hemopneumothorax were found 
in the literature, in contrast to rather fre- 
quent instances of recurrent spontaneous 
pneumothorax. 

The treatment of spontaneous hemo- 
pneumothorax was considered by most 
authors on this subject to depend upon the 
degree of hemorrhage and shock. It would 
appear that unless there is marked respira- 
tory distress only a small amount of fluid 
should be removed initially for diagnostic 
purposes. In the event of continued bleeding 
transfusions of whole blood arc indicated. 
Complete bed rest and sedation are im- 
portant in the early stages. Signs of con- 
tinued bleeding might possibly indicate the 
need for thoracoscopy and cauterization of 
the bleeding point. Once the first few 
critical days have passed aspiration of 200 
to 500 cc. of blood should be done every 
few days, with partial replacement of the 
fluid by air. If the blood is not removed, 
calcification of the pleura and secondary 
cardiac complications may occur. 


with Recovery — Dorset, Terry 

SUMMARY 

1. A case of spontaneous hemopneumo- 
thorax in- a twenty-seven year old woman 
who was apparently well prior to the 
attack is reported. Careful follow-up for 
fourteen months subsequently failed to 
reveal any evidence of pulmonary disease. 

2. The literature on this relatively rare 
condition is discussed briefly, with relation 
to etiology, clinical course and treatment. 
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Editorial 

Coronary Failure and Coronary Arteritis 


E very doctor is thoroughly familiar 
with the clinical features of Heber- 
den’s angina pectoris as well as with 
those of acute coronary thrombosis with 
cardiac infarction. The peculiar paroxysmal 
precordial pain brought on by effort or 
emotion and relieved by rest or by nitro- 
glycerin in the former, and the steady and 
prolonged distress often associated with 
shock, requiring morphine and not relieved 
by vasodilators in the latter, usually lead 
to easy and certain diagnosis. Less well 
understood, however, are those syndromes 
which seem to occupy an intermediate 
position between typical angina and cardiac 
infarction. A patient, usually with a known 
background of coronary disease, experi- 
ences bouts of precordial, substernal or arm 
pain often coming on at rest and not neces- 
sarily after exercise or after any obvious 
emotional aggravation. Such attacks may 
last for hours or days; they are not ade- 
quately relieved by nitrites and yet there 
is no definite evidence of cardiac infarction. 
In the type of case to which we allude there 
is no fever, leukocytosis, alteration in sedi- 
mentation rate or progressive electrocardio- 
graphic change in association with the bout 
of pain. Now this is clearly not typical 
Heberden’s angina in the sense of a transi- 
tory anoxia or ischemia of the heart muscle, 
nor does it seem probable that episodes of 
such prolonged grumbling pain, repeated 
perhaps a number of times during a period 
of days or weeks, could correspond to an 
equal number of distinct coronary throm- 
boses or cardiac infarctions. 


In a recent paper Freidberg, Blumgart, 
Zoll and Schlesinger 1 discuss the problem 
of these syndromes more or less intermedi- 
ate between angina pectoris and cardiac 
infarction. Autopsies are reported in a num- 
ber of patients which show ample evidence 
of coronary disease — arteriosclerosis, old 
and fresh coronary thromboses, ulceration 
of atheromatous plaques — but no accurate 
correlation between the bouts of pain which 
the patient had experienced and the evi- 
dences of infarction was possible. The 
writers give it as their opinion that pain in 
these cases is essentially of the same nature 
as that occurring in the other coronary 
syndromes. They believe that the distress 
is due to a relative anoxia of heart muscle. 
This is presumed to lead to the accumula- 
tion of metabolic products which in turn 
act on pain nerve endings in the heart, 
especially in the vessels. The absence of 
evidence of infarction by clinical tests and 
perhaps at autopsy as well is explained by 
the presumption that the ischemia is not of 
sufficient degree to cause actual death of a 
portion of heart muscle. The term “coronary 
failure” is endorsed by Freidberg and his 
associates as an appropriate designation for 
these “intermediate” coronary syndromes. 

It seems of interest, however, to consider 
a different explanation for the pain in some 
of these cases, namely, the possibility that 
it may arise directly from a lesion in the 
vessel wall. That an injury to the arterial 

1 Freidberg, A. S., Blumgart, H. L., Zoll, P. M. 
and Schlesinger, M. J. Coronary failure. J. A. M. A., 
138:107,1948. 
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wall gives pain one can readily convince 
himself of by having a puncture of his 
radial artery done without anesthesia and 
with a dull needle. An exquisite attack of 
anginal distress in reverse is produced; the 
pain radiates up the arm to the precordium. 
Pain arising directly from disease of arterial 
walls is also to be seen with a split in the 
aorta such as occurs in cases of dissecting 
aneurysm, with syphilitic aneurysm and 
perhaps in certain diseases of the peripheral 
arteries. Experimentally also the ingenious 
observations of Gorham and his associates 2 
showed that pain can be produced by tri- 
directional traction on the wall of a coronary 
artery, without evident narrowing of the 
lumen and without electrocardiographic 
changes. Katz 3 also pointed out that occlu- 
sion of carefully isolated strips of coronary 
artery in the dog yielded no evidence of 
pain nor did pain result from the crushing 
of arterial strips in which the nerves had 
been destroyed by phenol. In brief, then, 
one wonders whether in some of these 
patients with prolonged “coronary” pain 
not anginal in type and without evidence 
of cardiac infarct the distress may not, in 
part at least, arise directly from a lesion in 
the vessel wall rather than wholly as the 
result of myocardial ischemia. One may 
suggest the possibility that in a person who 
has coronary disease, hemorrhage into the 
vessel wall or some progression or alteration 
in an atherosclerotic patch could directly 
cause the artery to become painful, that 
such pain could come and go over variable 
periods of time, that nitrites would not be 
expected to relieve whereas morphine would, 

2 Martin S. J. and Gorham, L. W. Cardiac pain: 
An experimental study with reference to the tension 
factor. Arch. Ini. Med., 62: 840, 1938. 

3 Katz, L. N., Mayne, W. and Weinstein, B. S. 

Cardiac pain: presence of pain fibers in the nerve plexus 
surrounding the coronary vessels. Arch. Ini. Med., 55: 
760,1935. 


and that evidences of infarction and striking 
electrocardiographic changes would not be 
anticipated. Furthermore, the sequence of 
events often seen, of precordial aching later 
followed by full evidence of thrombosis and 
infarct may be explained by the fact that a 
painful lesion in the vessel wall finally 
comes to the internal surface with formation 
of intra-arterial clot. Blumcnthal and Rei- 
singer 4 have suggested that intramural 
hemorrhage under these conditions may 
provoke pain by tension on the adventitia. 
Still further evidence that pain may arise 
in arteries is presented by Wolff 3 in his 
monograph on headache. 

If it should turn out that certain types 
of coronary pain arise directly from a lesion 
in the vessel wall, coronary arteritis would 
seem to be a simple designation even if not 
an entirely accurate one. Perhaps a better 
term could be found. No doubt both 
“coronary arteritis” and coronary failure 
could contribute to the clinical phenomena 
in various cases, and further work would 
be necessary to evaluate the relative im- 
portance of these components in the indi- 
vidual. The matter is not one of academic 
interest alone but has a very practical side 
in the planning of treatment. If pain is 
caused early by a lesion still confined to 
the interior of the vessel wall, dicumarol 
might be invaluable in preventing coronary 
thrombosis from occurring later, and indeed 
might be of greater use than after frank 
occlusion and infarction have supervened. 
If on the other hand pain is due merely to 
disproportion between the coronary lumen 
and the need for blood on the part of the 
myocardium, there would be less immedi- 
ate indication for anticoagulant therapy. 

Arthur L. Bloomfield, m.d. 

4 Blumentiial, B. and Reisinger, J. A. Prodromal 
pain in coronary occlusion. Am. Heart J., 20: 141, 1940. 

6 Wolff, Harold, G. Headache and Other Pain. 
New York, 1948. Oxford University Press. 
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Multiple Myeloma" 

Its Clinical and Laboratory Diagnosis with Emphasis on 
Electrophoretic Abnormalities 

W. S. Adams, m.d., E. L. Along, m.d. and J. S. Lawrence, m.d. f 

Rochester, New York 


T his report deals with the clinical 
and laboratory findings in sixty-one 
cases of multiple myeloma. Par- 
ticular emphasis has been placed on the 
importance of the occurrence of electro- 
phoretic abnormalities in this disease. It is 
hoped that a report of these findings will be 
useful to others in making an early and 
• accurate diagnosis of multiple myeloma. 

HISTORY 

In 1 845 a forty-seven year old grocer who 
had been “out of health for thirteen months” 
was seen by his physician, Sir James Watson. 
A peculiar substance which solidified on 
cooling was noted in the urine. Being curi- 
ous as to the nature of this substance both 
Dr. Watson and Dr. MacIntyre, the latter 
having been called in consultation, sent 
samples of the urine to Henry Bence Jones. 1 
After considerable study Bence Jones found 
that this unusual urinary substance precipi- 
tated on heating, cleared on boiling and 
returned to a solid state on cooling. He 
also noted at necropsy that the “bony 
structure of the ribs was cut with the 
greatest ease, and that the bodies of the 
vertebrae were capable of being sliced off 
with a knife,” Bence Jones concluded from 
the chemical properties of this urinary 
substance that it was “an oxide of albumen, 
and from the ultimate analysis it is the 
hydrated deutoxide of albumen.” He also 


suggested that this substance should be 
looked for in further cases of “mollities 
ossium” and prophesied that the explana- 
tion of its formation might lead to “the 
comprehension of the nature of the disease 
which affects the bones.” This protein is 
now known as Bence Jones protein- and the 
disease with which it is commonly associ- 
ated, multiple myeloma. One year later, 
in 1846, Dalrymple 2 published an article 
on the “microscopical character of mollities 
ossium.” In this article he described the 
gross appearance of the diseased bone, 
recognized the replacement of bone by 
“nucleated cells,” and correctly suspected 
the malignant nature of the disease. In 
1850 MacIntyre 3 reported at length the 
case of Watson and Bence Jones. His descrip- 
tion of the symptomatology of the disease 
is as accurate today as it was almost 100 
years ago. Von Rustizky 1 first described the 
condition under the name of “Multiple 
Myelome” in 1873 but it was not until 1889 
that Kahler 5 ascribed the four cardinal 
findings to this disease, i.c. bone pain, 
deformation and abnormal fragility of bone, 
cachexia and the presence of Bence Jones 
proteinuria. Ten years later Ellinger 6 first 
noted the interrelationship of hyperpro- 
teinemia and multiple tumors of bone. This 
important work was corroborated by Jacob- 
son 7 in 1917 and by many others since that 
time. Longsworth, Shedlovsky and Mac- 


* From the Departments of Medicine and Radiology, University of Rochester School of Medicine and Dentistry, 
and the Medical Clinics of the Strong Memorial Hospital and the Rochester Municipal Hospital, Rochester, N. Y. 
Expenses were defrayed in part by a grant from the American Cancer Society. 

t Present address: Department of Medicine at the University of California at Los Angeles. 
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Innes 8 were the first to make electrophoretic 
studies in cases of multiple myeloma and 
pointed out the existence of unusual patterns 
in this condition. 


INCIDENCE 

Plasma cell tumors arc rare but arc 
probably not nearly so rare as they have 
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Fig. 1. Signs and symptoms of sixty-one cases of 
multiple myeloma. 

been reported in the past. At this clinic they 
represented 0.02 per cent of all hospital 
admissions and 0.66 per cent of all malig- 
nancies. It is interesting to note that from 
1926 to 1936 the incidence of multiple 
myeloma was 1.4 cases per 10,000 hospital 
admissions, and from 1936 to 1946, 2.8 cases 
per 10,000 hospital admissions. Doubtless this 
two-fold increase is due to a variety of causes 
perhaps the most significant of which has 
been the electrophoretic study of plasma 
proteins. More expert hematologic and 
pathologic examination of the blood and 
blood-forming tissues has also played a 
prominent part in this apparent increase. 
Then, too, greater numbers of people arc 
entering the fifth, sixth and seventh decades 
of life than ever before and it is during these 
decades that myeloma is most common. 

CLINICAL FINDINGS 

The signs and symptoms which were 
noted in sixty-one cases of multiple myeloma 



are summarized in Figure 1. They will be 
discussed in order of frequency. 

Poor Dentition (98 per cent). Surprising as 
it may seem the commonest clinical finding 
was a pronounced carious condition or a 
complete absence of teeth. It is realized 
that the majority of normal people in this 
age group have either total or partial loss 
of teeth. However, it seems outside the 
realm of chance that practically all cases of 
multiple myeloma should show this unless 
there were some other factor which pre- 
disposed to dental softening. The purely 
speculative hypothesis is offered that the 
same process which so commonly leads to 
skeletal osteoporosis also affects the teeth 
and leads to their premature decay and 
removal. 

Age. It is a well established fact that 
this disease is most prevalent in the older 
age groups. However, well authenticated 
cases have been reported in children and 
infants, 9 but these cases must be regarded 
as medical curiosities. The average age of 
patients with multiple myeloma in this 
group was fifty-eight years, 89 per cent of 
all patients being over fifty years of age at 
the time of admission to the hospital. The 
extremes of age were thirty-one and seventy- 
six years. 

Sex. The male sex is more commonly 
affected than the female. The reasons for 
this arc not clear. Bone trauma, to which 
the male is more often exposed, has been 
implicated as an important predisposing 
factor by some. In our experience the 
disease was seen two and one-half times 
more frequently in the male than in the 
female. The answer to this observed fact 
must await further investigation. 

Pain (68 per cent). Any description ol 
multiple myeloma would be incomplete 
without reference to the pain which com- 
monly accompanies the disease. The pain 
is of two types: that due to bone pain per sc 
and that due to fracture of bone. The bone 
pain may begin insidiously, sometimes 
being remittent in type resembling “rheu- 
matic pains.” These pains usually progress 
and terminate in agonizing spasms. The 
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latter are best described by those who have 
experienced them: “My muscles feel like 
they are being torn from my legs,” and 
“It feels like a steel band is being tightened 
about my knee.” Many patients have 
begged the examiner not to come near the 
bed for fear of bringing on agonizing 
paroxysms of pain. The cause of this pain 
is not clear. It is thought that the osteolytic 
process taking place in the medullary 
cavity of the bone is responsible. 

In contradistinction to the insidious onset 
of this type of pain there may be a sudden 
onset of acute pain which is usually the 
result of a pathologic fracture incurred by 
a sudden movement or the lifting of a 
heavy object. This pain is frequently 
limited to the back or the chest and may 
be of such severity as to cause the patient 
to cry out or fall to the floor. 

Weight Loss (68 per cent). Early in the 
course of multiple myeloma weight loss is 
usually slight. However, as the disease 
progresses and particularly if uremia 
develops, the loss of weight becomes pro- 
nounced (averaging 29 pounds). Our pa- 
tients admitted to weight loss in 68 per cent 
of the cases in which an adequate history 
could be obtained. It is surprising to us that 
inanition is not more extreme in view of 
the excessive loss of protein in the urine 
shown by some of our cases. 

Gastrointestinal Symptoms (62 per cent). 
Associated with weight loss have been 
varying degrees of anorexia, nausea, vomit- 
ing, diarrhea and constipation. As a rule 
these symptoms were not distressing unless 
azotemia developed when, as would be 
expected, anorexia, nausea and vomiting 
were often pronounced. 

Fever (52 per cent). Fever is a common 
accompaniment of the disease. It is usually 
low-grade, remittent and resembles the 
febrile course sometimes seen in tuberculosis . 
T. erminally, the fever may go as high as 40° 
to 41 °c. This terminal hyperpyrexia cannot 
always be explained on the basis of pneu- 
monia or other existing infection. Its 
etiology remains obscure. 


PHYSICAL FINDINGS 

Pallor (47 per cent). By the time they seek 
medical care the majority of patients with 
myeloma are already suffering from anemia 
of considerable severity. The pallor (present 
in 47 per cent of the cases) is many times 
associated with a peculiar, dusky, sallow 
coloration which cannot be attributed to 
anemia per se. This peculiar appearance of 
the skin is not distinctive of myeloma for 
it is often seen in other malignant states. 

Bleeding (39 per cent). Hemorrhage from 
the nose, gums, lungs, gastrointestinal tract 
and into the skin has been reported previ- 
ously. In the majority of these cases no 
known defect in the clotting mechanism 
has been implicated. This has been true in 
fifteen of our cases in which bleeding was 
encountered and in which adequate studies 
including fibrinogen level, prothrombin 
concentration, bleeding time and platelet 
counts were made. However, in five of these 
patients with marked hyperproteincmia the 
clot was very friable and retracted poorly. 
It has been suggested by Bayrd and Heck ]0 
that the abnormal bleeding tendency en- 
countered in multiple myeloma may be 
explained on the basis of hyperproteinemia . 
Proof of this hypothesis must await further 
study. 

It is important to note that in three of our 
patients in whom surgical procedures were 
carried out, profuse hemorrhage was en- 
countered. We have no explanation of this. 

Neurologic (35 per cent). Disorders of the 
nervous system are more commoner than one 
might expect. The majority of neurologic 
lesions in this group were an indirect result 
of pathologic fracture of the skeletal system. 
Because of the frequency of involvement of 
the vertebral column resulting in collapse of 
the vertebral bodies, root cord compression 
with its attendant root pain was the com- 
monest neurologic manifestation. 

Palpable Liver and Spleen. The liver and 
spleen were palpable in 26 and 9 per cent, 
respectively, of all cases. Much higher per- 
centages have been reported but in these 
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cases the presence of a palpable liver or 
spleen was not very common. 

Palpable Tumors (22 per cent). Rarely 
(three cases in this scries) the presenting 
complaint was a palpable tumor attached 
to the bone. In general these tumors were 
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Fig. 2. Laboratory findings of sixty-onc cases of 
multiple myeloma. 


non-tender, soft, frequently pulsatile masses 
and were attached to the sternum, skull, 
ribs, clavicle or jaw. 


LABORATORY FINDINGS 

The laboratory findings in sixty-onc 
cases of multiple myeloma are shown in 
Figure 2. 

Bence Jones Protein. Despite the fact that 
over 100 years ago Watson, Dalrymple, 
MacIntyre and Bence Jones noted a pecul- 
iar urinary protein in a patient with 
multiple myeloma, we still know little about 
the origin or the physiology of this protein. 
Wintrobe and Buell 11 point out that “Bence 
Jones protein must be regarded as a class of 
substances which exhibit in common a 
peculiar coagulation phenomenon.” 

The incidence of Bence Jones proteinuria 
in cases of multiple myeloma is a matter of 
extreme variation as reported in the litera- 
ture: 


Name Per cent 

Atkinson 11 87 

Magnus-Lcvy 13 73 

Gcschickter and Copeland 11 65 

Bayrd and Heck 10 53 

Batts 15 50 

This report 47 

Gutman 35 45 

Ghormlcy and Pollock 10 35 

Coley 17 .! 8 


As can be seen above the incidence of 
Bcncc Jones proteinuria in our scries was 
47 per cent. The marked variation in inci- 
dence of Bcncc Jones proteinuria is under- 
standable when one considers the nature 
of this substance or substances. It has been 
pointed out 13,14,1 8 that early in the course 
of such disease the appearance of Bence 
Jones bodies in the urine may be intermit- 
tent and may become constant only late. 1 
Aside from these variables, the behavior of 
the protein depends on many circumstances 
such as the concentration of the Bcncc Jones 
protein, the pH of the urine, the concen- 
tration of urinary electrolytes, urea and 
albumin. 

The occurrence of Bcncc Jones protein- 
uria has been reported in diseases other 
than multiple myeloma: metastatic carci- 
noma, lymphatic leukemia, myelogenous 
leukemia, senile osteomalacia, fibrocystic 
disease, multiple fractures of bone, inactive 
pulmonary tuberculosis, etc. 

A rough test for the presence of Bence 
Jones protein is the sulfosalicylic acid test 
which is carried out as follows: do 1 cc. of 
clear urine add three drops of a 20 per cent 
solution of sulfosalicylic acid. If no cloudi- 
ness appears, protein is absent. If a cloud 
develops, heat the mixture to boiling and 
then cool. If cloudiness persists on boiling 
and remains on cooling, albumin and 
globulin are both present. If cloudiness 
disappears on boiling and reappears on 
cooling, either proteose or Bence Jones 
protein is probably present. If Bence Jones 
protein and /or albumin and globulin are 
present, the cloudiness does not completely 
disappear but becomes less dense on heating. 
The presence of a positive sulfosalicylic acid 
test for Bence Jones protein is indication for 
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the more laborious method of heating the 
urine specimen in a water bath in which the 
temperature is slowly raised. Attempts at 
establishing the existence of Bence Jones 
bodies in urine sometimes meet with failure 
because of improper attention to the method 
of heating the urine. We have obtained best 
results by heating the urine specimen in a 
water bath, slowly raising the temperature 
from 40°c. to 100°c. during a period of 
fifteen or twenty minutes. This slow method 
of heating makes it easier to discern the 
presence of a protein in the urine specimen 
and at what temperature it precipitates or 
disappears. A cloudiness appearing at a 
temperature of 45°c. to 65°c., disappearing 
on boiling and reappearing on cooling at 
65° to 85°c. indicates the presence of Bence 
Jones protein. If albumin is also present, 
confusion may result. This may sometimes 
be avoided by filtration of the urine speci- 
men while boiling, thus removing the 
coagulated albumin from solution and 
leaving the Bence Jones protein in the 
filtrate. Subsequent heating and cooling of 
the filtrate as noted above may then be 
carried out and the existence of Bence Jones 
protein established or disproved. 

The term Bence Jones protein does not 
refer to a single chemical entity but to a 
group of proteins with closely related 
properties. According to Bayne-Jones and 
Wilson 22 there are at least three immunologi- 
cally distinct types of this protein, and 
Hektoen and Welker 23 have reported two 
cases in which two of these types were ex- 
creted in the urine simultaneously. Moore 
et al. 24 have found widely different electro- 
phoretic mobilities for urinary Bence Jones 
protein from different patients. This is in 
accord with our experience. These authors 
have confirmed the observation of Sved- 
berg 20 that protein specimens from different 
patients give sedimentation constants rang- 
ing from 2.8 S to 3.7 S. In spite of these 
variations the generally accepted values for 
the molecular weight of Bence Jones protein 
are 35,000 to 37,000. 19 ' 20 ' 24 

Bence Jones protein has been obtained in 
crystalline form at least fourteen times but, 


as Magnus-levy 21 has shown, it is frequently 
very difficult or apparently impossible to 
crystallize, perhaps because it may be 
excreted in combination with a pseudo- 
globulin. Sometimes crystallization is diffi- 
cult or impossible because of the presence 
in a single urine of two different varieties of 
Bence Jones protein. In one case observed 
by the others, the urine regularly contained 
large and nearly equal amounts of two 
proteins migrating during electrophoresis as 
separate peaks of slightly different mobility. 
When these proteins were separated from 
each other in nearly pure form, the solutions 
of each were found to display in identical 
manner the well known temperature-solu- 
bility relationships of Bence Jones protein. 
All attempts at crystallization failed. 

Plasma Proteins. Elevated total plasma 
protein (over 8.0 Gm. per cent by modified 
Howe technic) occurred in 52 per cent of 
our cases. The highest level was 13.4 Gm. 
per cent; the lowest 5.0 Gm. per cent. 
Hyperglobulinemia was present in 67 per 
cent. It is important to remember that 
because of a lowered albumin level, the 
hyperglobulinemia may be present without 
hyperproteinemia. (Table 1 .) 

Gutman et al. 26 and Snapper 20 have 
reported that on the basis of Howe frac- 
tionation studies all cases of multiple mye- 
loma in which hyperglobulinemia is present 
fall into the following four categories listed 
in order of diminishing frequency: (1) Ele- 
vated euglobulin (plus pseudoglobulin 1 ); 
(2) elevated pseudoglobulin 1 ; (3) elevated 
pseudoglobulin 1 and xi; (4) elevated pseudo- 
globulin 11 . These authors have also studied 
the globulin distribution in the following 
diseases associated with hyperglobulinemia: 
Lymphogranuloma venereum, sarcoid, 
cirrhosis, kala-azar, disseminated lupus, 
subacute bacterial endocarditis, leprosy, 
tubercular lymphadenitis, rheumatoid arth- 
ritis, leukemia, chronic nephritis and a few 
miscellaneous infections. All of these cases 
were found to belong in group Lit therefore 
follows that whenever hyperglobulinemia 
of groups 2, 3 or 4 is present, the disease is 
probably multiple myeloma. Fractionation 
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is of no diagnostic aid when the findings 
place it in the first category. 

Gutman et al . 28 have pointed out that in 
some cases of multiple myeloma the con- 
ventional Howe fractionation technic may- 
yield albumin values that arc grossly too 


arc reported twelve new cases studied by 
electrophoresis. In four of these cases there 
was an abnormally large 7 peak, which in 
two instances was associated with a small 
peak referred to as an M component migrat- 
ing with the mobility of fibrinogen. Three 


Table i 

LABORATORY FINDINGS IN SIX'! Y-TIIREE CASES OF PLASMA CELL TUMORS 



Normal 

Elevated 

De- 

pressed 

Not 

Done 

Highest 

Values 

Lowest 

Values 

: 

Average 

No. of Cases 

1 

White blood count 

45 

1 

10 

| 

7 

1 

51.200 

3,000 

8,075 






per cu. mm. 

per cu. mm. 

per cu. mm. 

Red blood count 

9 


51 

3 

6 . 1 million 

1 . 46 million 

3.09 million 






per cu. mm. 

per cu. mm. 

per cu. mm. 

Hemoglobin 

9 


54 

* . 

15.5 Gm. % 

5.1 Gm. % 

9.8 Gm. % 

Scrum calcium 

30 

11 

4 

18 

19.9 mg. % 

6 . 2 mg. % 

11.0 mg. % 

Serum phosphorus 

32 

10 

3 

18 

10.5 mg. % 

2.1 mg. % 

4.4 mg. 7c 

Total plasma proteins 

22 

27 

3 

11 

13.4 Gm. % 

5.0 Gm. % 

8.4 Gm. % 

Serum albumin 

8 

0 

43 

12 

5.6 Gm. % 

1 .0 Gm. % 

3.5 Gm. 7c 

Serum globulin 

16 

34 

1 

12 

11.4 Gm. 9c 

1 .0 Gm. % 

5.0 Gm. % 

Non-protein nitrogen 

31 

26 


6 

285 mg. % 


62 mg. 7c 


high, but that in these instances more pro- 
tein may precipitate with the globulin 
fraction if a longer time is allowed before 
filtration. 

Since our belief is that electrophoresis is 
the method of choice, we have not fraction- 
ated the globulins by the Howe method in 
our cases. 

ELECTROPHORETIC STUDIES 

The value of electrophoresis in the diag- 
nosis of multiple myeloma was first revealed 
in 1939 by Longsworth, Shedlovsky and 
Maclnnes 8 who found rather characteristic 
abnormalities in two cases and normal pat- 
terns in one case. In 1940 Kekwick 27 
published the results of combined electro- 
phoretic and ultracentrifugal studies in five 
cases. The most extensive studies reported 
have been by Gutman et al . 25 and Moore 
et al . 24 The latter paper deals at length 
with the problem of Bence Jones prote- 
inemia and the relation of Bence Jones 
protein to the abnormal peaks in the electro- 
phoretic patterns. In these two papers there 


cases showed a large /3 peak, two a large M 
peak and one a small M peak. In two cases 
the patterns were described as normal. 

On the other hand, we have encountered 
no normal patterns in thirty-three consecu- 
tive cases, the first twenty r -ninc of which are 
described in this paper. VVc ascribe the 
discrepancy in these findings to two factors: 
(1) Our use of the 2:1 dilution of plasma 
by sodium-barbital buffer as advocated by 
Longsworth in 1 942 2S and (2) the use of the 
tall form of the Tiselius cell with a wider 
spread of the electrophoretic peaks. Under 
these conditions small abnormalities are 
revealed which would otherwise not be 
apparent. These abnormalities, while small, 
are reproducible and significant. 

Methods of Electrophoresis. Plasma was 
used in all cases although occasionally 
additional patterns were obtained from 
serum. 

In order to demonstrate small irregulari- 
ties, the high dilutions of plasma frequently 
recommended were avoided. The plasma 
was diluted with an equal volume of veronal 
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buffer of pH 8.5 and ionic strength 0.1. This 
diluted plasma was dialyzed in a cellophane 
sac against 2 L. of tlic veronal buffer. 
Mechanical rocking in the refrigerator 
permitted satisfactory equilibration in six- 
teen hours. 



a n 

Fig. 3. Ascending (left) and descending (right) 
patterns of normal human plasma. 


Electrophoresis was carried out in the tall 
form of the standard 11 ml. Tiselius cell at 
a field strength of about 6.8 volts per cm. 
at a water bath temperature of l°c. The 
current was passed for at least three hours. 
The patterns were photographed by the 
scanning method of Longsworth 29 and the 
areas of the peaks were obtained from 
photographic enlargements by the use of a 
planimeter. If the Tiselius cell with a 
double center section is employed, the 
spread of the peaks is too small to reveal 
some important details. A more complete 
account of the methods may be found in a 
previous paper. 30 

Because of the 2 : 1 plasma dilution 
routinely employed, many of the large ab- 
normal peaks extended beyond the range 
of the photographic plate. This made it 
impossible to measure the area of such a 
peak although in some instances its height 
was determined by measuring the distance 
in the plane of the schlieren diaphragm 
between the undeviated slit image and the 
most deviated image and multiplying by 
three. We preferred to sacrifice an accurate 
determination of the area of large abnormal 
peaks in order to stabilize small peaks by a 


higher density gradient and to increase 
slight irregularities. Higher dilutions give 
patterns which more accurately reflect the 
concentrations of the plasma constituents 
but this theoretic gain is offset by a practical 
loss. 

Results of Electrophoresis. In Table n and 
in descriptions of some of the patterns we 
frequently refer to “abnormal” peaks. This 
is unfortunately an ambiguous term. An 
“abnormal” peak may indicate cither the 
presence of an abnormal concentration of a 
normal plasma constituent or the presence 
of a protein not found in normal plasma. 

The results of these electrophoretic studies 
may best be divided into four 'groups 
according to the type of pattern present: 
(1) major abnormal patterns showing tall, 
narrow peaks, twenty-one cases; (2) minor 
abnormal patterns showing slight irregulari- 
ties, eight cases; (3) normal patterns from 
one case of solitary myeloma; (4) abnormal 
patterns which might be confused with 
multiple myeloma, five cases. For com- 
parison with these and subsequent patterns, 
normal patterns arc shown in Figure 3. 

1. The first twenty-one cases of plasma 
cell tumors arc tabulated in the order of 
increasing mobility of the abnormal peak 
(Table n) which varied from slower than 
gamma to as fast as beta.* The patterns 
of this group all showed narrow, tall peaks, 
usually so tall that they extended beyond 
the edge of the photographic plates. In this 
group of twenty-one cases the mobilities of 
the abnormal peaks showed the following 
distributions: less than gamma in six cases; 
equal to gamma in five cases; between 
gamma and fibrinogen in two cases; equal 
to fibrinogen in three cases; between fibrino- 
gen and beta in one; equal to beta in four. 
Figure 4 shows the patterns from Case 17 
illustrating an abnormal peak migrating 
between fibrinogen and beta. Space does 
not permit showing patterns illustrating all 

*An article recently published reports two cases with 
large abnormal peaks migrating with the mobility ol 
alpha; globulin. Wuhrmann, F., Wunderly, C. and 
Wiedemann, E., Uebcr das Alplia-Globulin-Plasmocy- 
tom. Schweiz, nred. Wchnschr., 78: 180, 1948. 
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the various mobilities which have been 
frequently reported for these characteristic 
tall, narrow peaks. A single example of a 
frequently reported type of pattern is shown 
in Figure 4. 

Figure 5 from Case 6 shows a peak migrat- 

I i 

x t 



Fig. 4. a and b, major abnormality (Case xvh, 
multiple myeloma) migrating between fibrino- 
gen and beta globulin. 

Fig. 5. a and b, major abnormality (Case vt, 
multiple myeloma) showing a peak migrating 
slower than gamma globulin. 

Fig. 6. a and b, major abnormality (Case vin, 
multiple myeloma); abnormal gamma peak is 
of intermediate height, 

ing more slowly than gamma globulin (not 
previously reported to our knowledge). This 
example is chosen because it shows a curi- 
ous phenomenon. The current was passed 
for thirty minutes longer than the usual 
three hours. During the last twenty minutes 
the gamma peak in the ascending pattern 
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split into two components. The low gamma 
concentration is noteworthy. 

Figure 6 shows the patterns of Case 8. 
They are somewhat atypical in that ab- 
normal gamma peak is of intermediate 
height. 



Fig. 7. a and b, major abnormality (Case ix, 
multiple myeloma and lobar pneumonia); note 
broad gamma peak. 

Fig. 8. a and b, major abnormality (Case x, 
multiple myeloma given massive roentgen treat- 
ment); note increase in all globulins and the dif- 
ference in height of the fibrinogen peak in the 
ascending and descending patterns. 

Figure 7 shows the patterns from Case 9 
taken during coincident lobar pneumonia. 
This is an atypical and ambiguous pattern. 
The unusual feature is the width of the 
gamma peak in relation to its height. Sub- 
sequent patterns after recovery from pneu- 
monia showed some changes in peak areas 
but the gamma remained broad for its 
height. It is possible that chronic hepatitis 
was present. These patterns are practically 
identical with those seen in one fatal case 
of subacute hepatitis. The patterns arc so 
similar that it is unnecessary to show them 
both. We have patterns from fifty-nine 
other cases of hepatic disease, but these are 
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the only pair which might be confused with 
those seen in multiple myeloma. The failure 
of alphai, alpha* and fibrinogen to rise in 
Case 9 during lobar pneumonia is worthy 
of note. 

Figure 8 shows the patterns of Case 10; 


fibrinogen peak in the descending pattern 
is twice as large as in the ascending. (A 
similar asymmetry is found in Cases 3 and 
7.) It is interesting to note that this unique 
pattern is associated with an unusual case 
history. The patient lived over five years 



9 10a 10b 

Fig. 9. Intermediate abnormality (Case xxm, multiple myeloma); note small 
peak migrating close to gamma globulin. 

Fig. 10. a and n, minor abnormality (Case xxn. multiple myeloma); note 
relatively sharp small gamma peak. 


they arc very unusual. While the abnormal 
gamma peak is tall and sharp, the other 
globulin peaks arc all increased. The 

i 

A ■ 

A 
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Fig. 11. a and b, minor abnormality (Case xxiv, 
multiple myeloma); note sharp gamma peak 
and moderate hyperglobulinemia. 

Fig. 12. a and b, minor abnormality (Case xxv, 
multiple myeloma); note sharp gamma peak 
particularly in the descending pattern. 


after his disease was recognized and during 
these years received roentgen radiation 
totaling 30.000r. 

2. The eight patterns from Cases 22 to 
29 arc of special interest because they arc 
of a type not hitherto reported in multiple 
myeloma. These abnormalities would prob- 
ably pass unnoticed if the plasma were 
diluted four to one, or if the Tiselius cell 
with the double center section were em- 
ployed. (The small abnormalities are much 
more obvious in the photographic enlarge- 
ments than in the reduced figures shown 
here.) 

Case 22 shows a small abnormal peak. 
(Fig. 9.) This pattern is intermediate in type 
between the first twenty-one and the follow- 
ing seven. 

The patterns of Cases 23, 24 and 25 arc 
shown in Figures 10,11 and 1 2, respectively. 
In these three cases the gamma peaks, while 
not large, arc sharp instead of being rounded 
as in the normal. In Case 24 the other 
globulin peaks arc sufficiently elevated to 
produce a moderate hyperglobulinemia. 
In our experience this type of peak was 
encountered in only one disease other than 
myeloma. This exception was a case of 
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adenocarcinoma of the stomach with met- 
astases to the esophagus, liver and regional 
lymph nodes. The patterns from this case 
are shown in Figure 13. It will be seen that 
in the ascending pattern the gamma peak 
is abnormally sharp and is more irregular 
than in the three cases of multiple myeloma. 

In Case 26 (Fig. 14) the descending pat- 
tern shows a small bump migrating more 
slowly than gamma. We have seen no other 
pattern like this. 

Case 27 (Fig. 15) is a “plasma cell leuke- 
mia.” The gamma is very low. In the 
ascending pattern an abnormal bulge is 
seen on the gamma side of the fibrinogen 
peak. The mobility of this bulge is the same 
as that of the pure Bence Jones protein peak 
in the patient’s urine. 

There are two striking features in the 
electrophoretic pattern of Case 28 (a case 
of hepatic cirrhosis and multiple myeloma). 
The patterns shown in Figure 16 were ob- 
tained from a plasma sample taken eleven 
months after the initial sample. During this 
time the albumin concentration rose to 
normal levels (a low albumin is the most 
common single finding in malignant disease) 
and the small irregularity on the leading 
edge of the gamma peak became more 
pronounced. We have encountered a small 
irregularity in this location (ascending 
pattern) only in malignant disease (16 per 
cent of 275 cases), acute infections such as 
pneumonia and pneumococcal meningitis, 
immediately following surgical operation 
and in six cases of multiple myeloma. 

Figure 17 shows the ascending pattern 
from Case 29. There is a similar irregularity 
on the leading edge of the gamma peak. 
All the globulin peaks except gamma are 
increased. This patient was admitted to 
the hospital in uremia and the blood sample 
was taken two days before death. 

3. Case 30 is one of solitary myeloma of 
the antrum. The first patterns show ab- 
normal elevations of all the globulins 
except gamma. These abnormalities were 
probably the result of surgical exploration 
of the antrum which was done the day 
before the blood sample was taken. During 
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this operation a massive hemorrhage oc- 
curred. The patterns from a blood sample 
taken seven months later were normal 
except for a rather low albumin and an ele- 
vated fibrinogen. These abnormalities were 
probably due to the infection associated 



15a 15b 
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Fig. 13. a and b, pattern from a case of adeno- 
carcinoma of the stomach with mctastascs to the 
esophagus, liver and regional lymph nodes; note 
similarity to the patterns in Figures 10, 11 and 
12 . 

Fig. 14. a and b, minor abnormality (Case xxvt, 
multiple myeloma); note small bump migrating 
slower than gamma globulin in the descending 
pattern. 

Fig. 15. a and b, minor abnormality (Case xxvit. 
“plasma cell leukemia”); note low gamma 
globulin and the abnormal bulge on the gamma 
side of the fibrinogen peak in the ascending 
pattern. 
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with a persistent draining sinus tract at the 
site of operation. Since widespread disease 
was probably absent as indicated by bone 
marrow studies, it is not surprising that 
these patterns showed none of the abnor- 



Fig. 16. a and b, minor abnormality (Case xxvm, 
multiple- myeloma and cirrhosis); note the small 
irregularity on the leading edge of the gamma 
peak (ascending pattern). 

Fig. 17. a and b, minor abnormality (Case xxix, 
multiple myeloma); note the small irregularity on 
the leading edge of the gamma peak (ascending 
pattern) and the elevation of all the globulin peaks 
except gamma. 


malitics which are suggestive of multiple 
myeloma. 

In the first twenty-one cases (except 
Case 18) the plasma albumin level was 
below normal and often very low. The 
average value for this group was 2.5 Gm. 
per cent. In the entire series of sixty-three 
eases the albumin concentration as deter- 
mined by the Howe method was below 
normal in 86 per cent. 

Special attention should be drawn to the 
fact that the concentration of gamma 
globulin was usually very low unless the 
abnormal peak migrated with a mobility 
equal to or close to that of gamma globulin 
in which event we have no way of measuring 
the concentration of normal gamma globu- 
lin. It may be that a low concentration of 
normal gamma globulin is a constant and 
important feature of multiple myeloma. 

4. We have five instances in which pat- 
terns showed abnormalities which might 
falsely suggest multiple myeloma. (Figs. 6, 
13, 18, 19 and 20.) The patterns in Figure 6 
are almost identical with those seen in one 
ease of hepatitis and arc therefore not 
reproduced. Figure 13 is from a case of 
gastric malignancy. Figure 18 shows the 
ascending pattern from the scrum of a case 
of hepatic cirrhosis. There is evidently an 
abnormal peak migrating with the mobility 
of fibrinogen. It is not well separated from 
the large, broad gamma peak so commonly 
found in cirrhosis. This peak is probably 
not due to residual fibrinogen since the 

I 



18 19a 19b 

Fig. 18. Ascending pattern from the serum of a case of hepatic cirrhosis; note 
abnormal peak migrating with the mobility of fibrinogen. 

Fig. 19. a and b, patterns from a ease of degenerative arthritis; note abnormal 
gamma peak. 
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addition of thrombin failed to remove it. A 
similar pattern is reported by Stern and 
Reiner 31 in a case of cirrhosis. Even though 
this pattern shows an abnormal peak, we 
do not believe it could be confused with a 
pattern of multiple myeloma. Figure 19 
shows the patterns from a patient who pre- 
sented old degenerative arthritic changes 
in one humerus and both femoral heads. 
The blood serum showed an anomaly in 
that the cephalin flocculation reaction was 
one plus while the thymol turbidity reading 
was 169 units. The sternal marrow was 
normal. It is of course possible that this is 
an early case of myeloma. A second set of 
patterns taken six months later showed no 
change. Figure 20 shows the pattern from 
a patient who had wide spread bone and 
pulmonary metastases from a carcinoma of 
unknown primary site. This patient died 
in another hospital and no autopsy was 
performed. It seems unlikely, however, 
that he had multiple myeloma although 
we have recently seen an almost identical 
pattern in a case which was found at 
autopsy to have this disease. Increased 
experience may or may not permit the 
differentiation of such patterns. 

Discussion oj Electrophoretic Resxdts. Ul- 
tracentrifugal and diffusion studies 27 ' 32,33,34 
have shown that the large abnormal peaks 
in the patterns of multiple myeloma are 
usually due to proteins of high molecular 
weight (160,000-200,000) but may occa- 
sionally be due to low molecular weight 
proteins, probably Bence Jones proteins. 

Moore et al. 24 studied the sera of seven 
cases of multiple myeloma by the Howe 
fractionation method, electrophoresis and 
the ultracentrifuge. In two of these cases 
Bence Jones protein was demonstrated in 
the plasma by immunologic methods. Both 
of these cases were excreting this protein in 
the urine. In another case without Bence 
Jones proteinuria the presence of this pro- 
tein in the plasma was indicated by ultra- 
centrifugal studies. The many interesting 
findings reported by these authors cannot 
be reviewed in detail. One of their con- 
clusions is that in “many (probably the 
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majority of) cases of multiple meyloma with 
marked hyperglobulinemia” only a very 
small proportion of the excess of globulins 
is Bence Jones protein. I^[ 

Sedimentation diagrams of the high 
molecular weight proteins are often similar 



A B 

Fig. 20. a and b, patterns from a case of widespread 
osseous metastases from a carcinoma of unknown 
primary site. 

to those of normal gamma globulin but are 
sometimes very different, corresponding to 
no known constituent of normal plasma. 
It is well known that proteins may have 
similar electrophoretic mobilities and sedi- 
mentation characteristics and yet be dif- 
ferent chemically. This fact usually makes it 
impossible to determine by these two means 
alone whether a given protein is abnormal 
or not. The large peaks in the first six cases 
in Table ix probably represent abnormal 
proteins since there is no detectable protein 
in normal plasma which migrates more 
slowly than gamma globulin. It is curious 
that a peak migrating more slowly than 
gamma has not to our knowledge been 
previously reported in multiple myeloma. 
The probable explanation lies in the fact 
that most of the earlier electrophoretic 
studies of multiple myeloma were made with 
buffers in which the normal gamma peak 
did not migrate away from the boundary 
anomaly. 

With the exception of Case 9, all of the 
abnormally large peaks with the mobility 
of gamma globulin were too narrow to be 
confused with the large gamma peaks pro- 
duced by diseases other than myeloma. 
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Such diseases include hepatitis (acute and 
chronic), disseminated lupus, lymphogranu- 
loma venereum, kala-azar, tuberculosis, 
amyloidosis, scleroderma and monocytic 
leukemia. The narrowness of the myeloma 
peaks probably indicates that the proteins 
are more homogeneous than those com- 
prising gamma globulin. This is not sur- 
prising in view of the large number of 
antibodies contained in the gamma globu- 
lin fraction. 

In order to reveal this important differ- 
ence in width of peaks it is essential to em- 
ploy the tall form of the Tiselius cell and to 
continue electrophoresis until the albumin 
peak has migrated about 5 cm. in the 
cathode limb of the cell. 

Wintrobe 35 has commented on the higher 
incidence of Bence Jones proteinuria when 
hyperglobulinemia is absent. We have found 
a similar difference in our two main groups 
of cases. In the first twenty-one cases, all 
of which showed large abnormal peaks, 
urinary Bence Jones protein was detected 
only seven times, an incidence of 33.3 per 
cent. In the group containing the next eight 
cases, all of which showed small abnormali- 
ties, urinary Bence Jones protein was found 
in seven and may have been present on one 
occasion in the eighth. It is plausible to 
suggest that at least some of the small 
abnormalities were due to Bence Jones 
protein in the plasma. This is especially 
likely in Cases 22, 23, 24, 25 and 27. In 
several of these cases the urine showed no 
protein other than Bence Jones protein and 
electrophoretic patterns of the urine showed 
a single peak of the same mobility as the 
small abnormal peaks in the . plasma. If a 
Bence Jones protein were present in the 
plasma uncombined with other protein, it 
should appear in the urine because of its 
small molecular size. Moore et al. 24 have 
suggested that complex formation with a 
high molecular weight protein may prevent 
the escape of Bence Jones protein through 
the kidney. This hypothesis is attractive to 
us. The lack of symmetry between the 
ascending and descending patterns in Cases 
3, 7 and 10 suggests such complex forma- 


tion. This hypothesis would partially ex- 
plain the high incidence of Bence Jones 
proteinuria in the eight cases, 22 through 
29. These cases did not have any large 
amount of abnormal, high molecular weight 
protein to bind the Bence Jones protein. 

The problem of the origin of Bence Jones 
protein and the high molecular weight 
proteins is totally obscure. There is no 
direct evidence that Bence Jones protein 
is produced by plasma cells. In our experi- 
ence whenever this protein is found in the 
urine, plasma cells are found in excess 
numbers in the bone marrow or other 
tissues. Magnus-Lcvy believed that the 
large amount of protein occasionally pro- 
duced (30 to 70 Gm. in twenty-four hours) 
could not be produced by the relatively 
small mass of tumor tissue. However, this 
objection has lost its force since it is now 
known that the disease is a diffuse one in 
which bone marrow is widely involved. 
It is also well to point out that the volume 
of the bone marrow is surprisingly large; 
as reported by Fairman and Whipple, 3r ’ 
it is equal to two-thirds the volume of the 
liver in dogs. 

In our series of cases we have found no 
apparent correlation between the number 
and morphology of plasma cells in the 
sternal marrow and the presence or absence 
of hyperglobulinemia, or the electrophoretic 
mobility of the abnormal peaks. 

Increased Plasma Cells in Sternal Marrow 
[86 per cent). In few other hematologic 
disorders is the sternal puncture of more 
help in making a diagnosis than in multiple 
myeloma. As a rule, by the time signs and 
symptoms are present the disease is already 
far advanced and the sternum infiltrated 
with plasma cells. Bone marrow biopsy 
and /or puncture of the sternum were car- 
ried out in thirty-six cases in this series. In 
only five cases were the results of examina- 
tion of material taken from the sternum 
equivocal. These five cases were later 
proved to be multiple myeloma by ex- 
amination of material taken from other 
bony sites or at postmortem examination. 
The average per cent of plasma cells in the 
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sternal marrow in thirty-one cases of 
myeloma was 36.2 per cent. The greatest 
per cent of cells was 83.6 per cent, the least 
6.7 per cent. These cells appear to stem 
from one common line — the plasma cell 
line (no cases of myeloma have been seen 
by us in which the plasma cell or its pre- 
cursors was not the invading cell). It is true 
that these cells present a somewhat variable 
morphologic picture but it seems plausible 
that this difference in appearance may be 
due to differences in age. In some cases of 
multiple myeloma the most frequent cell 
seen (Wright’s stain) is a large cell 20 to 
30 m/x in diameter with a dark blue, some- 
what scroll-like cytoplasm which contains 
no granules. The nucleus is round or oval 
and may occupy three-fourths to four- 
fifths of the entire cell. Its chromatin is 
evenly distributed throughout the nucleo- 
plasm. There may be as many as three or 
four nucleoli contained within the nucleus. 
Mitotic figures are common. There are all 
gradations from this “malignant” type of 
cell down to the “typical” plasma cell. This 
latter cell measures 7 to 12 mju in diameter. 
The cytoplasm is dark blue and gathered 
in homogeneous knots. The nucleus is 
placed eccentrically and fills less than one- 
half the cell volume; its chromatin is con- 
densed, many times appearing pyknotic. 
The most characteristic feature is the 
appearance of the cytoplasm which, if 
once clearly recognized, is almost unmis- 
takable. In fact in certain of our bone 
marrow preparations fragments of the 
cytoplasm were often seen which had 
evidently been broken from a myeloma or 
plasma cell, but which remained clearly 
recognizable. The presence of these cells in 
greater numbers than 2 to 3 per cent is 
considered to be abnormal, and when 
present in large numbers, to be diagnostic 
of multiple myeloma. It is the preference of 
this clinic to obtain both sternal aspiration 
and bone marrow biopsy material so that 
the hematologist and pathologist may col- 
laborate in the diagnosis. It should be 
remembered that certain cases of multiple 
myeloma show a patchy plasma cell in- 
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filtration of the bone marrow and that it 
is possible in these cases to be misled by the 
results of sternal aspiration. A low per- 
centage of plasma cells in material aspirated 
from the bone marrow does not necessarily 
rule out the diagnosis of multiple myeloma. 

Anemia (86 per cent). The red blood coun 
was depressed in 81 per cent of the cases. 
The average count was 3.09 million per cu. 
mm., the extremes being 1.46 and 6.1 mil- 
lion per cu. mm. It should be noted, how- 
ever, that the anemia, although a fairly 
constant finding, was seldom extreme as, 
for example, in pernicious anemia. The 
anemia was usually normocytic and normo- 
chromic in type although in 14 per cent of 
the cases there was a macrocytosis. Only 
infrequently was the macrocytosis so pro- 
nounced that the diagnosis was confused 
with pernicious anemia. 

Just as with the red blood count, the 
hemoglobin values were commonly de- 
pressed. In fifty-four cases (86 per cent) the 
hemoglobin determinations fell below 13.0 
Gm. per cent and in only nine cases was 
the hemoglobin found to be within normal 
limits. The highest value recorded was 
15.5 Gm. per cent; the lowest 5.1 Gm. per 
cent. The average hemoglobin was 9.8 Gm. 
per cent. It can be said that the occurrence 
of anemia at some stage in the course of this 
disease is very frequent and that the presence 
of the disease in the absence of anemia is 
distinctly unusual. The presence of unex- 
plained anemia, particularly in the older 
age groups, is of great importance. Many 
more diagnoses of this condition will be 
made if more careful studies of unexplained 
anemias are carried out. 

X-ray Changes (86 per cent). The typical 
findings upon x-ray examination in cases of 
multiple myeloma have been adequately 
described elsewhere. However, in the study 
of this group of cases certain observations 
have been made. The commonest (although 
far from diagnostic) x-ray change is one of 
widespread osteoporosis involving the entire 
skeleton. We have been struck with the 
uniformity of occurrence of this change and 
have seen cases in which this was the only 
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roentgcnographic finding. Secondly, the 
occurrence of small “flea bitten” areas of 
rarefaction without evidence of surrounding 
new bone formation is not infrequent. These 
areas are seen in the long bones, pelvis, 
vertebrae, ribs and calvarium. They re- 
semble somewhat the x-ray changes seen 
in leukemia. Thirdly, the most charac- 
teristic change is the appearance of the 
typical “punched out” area with its sharp 
margination without evidence of surround- 
ing osteoblastic change. When these changes 
are widespread in the skull, vertebrae, ribs, 
etc., they arc highly suggestive of multiple 
myeloma and in at least seven instances in 
this series the correct diagnosis was first 
suggested by the roentgenologist. Fourthly, 
there are a certain few cases of multiple 
myeloma which never exhibit x-ray changes 
of any type. Two such cases have been seen 
by us. 

From the roentgcnographic standpoint 
the commonest bones involved in order of 
diminishing frequency were: vertebrae, 
skull, ribs, pelvis, clavicle, femur, humerus, 
scapula, fibula, mandible and radius. Any 
one, or, as is sometimes seen, practically all 
the bones of the skeleton may be involved. 

Rouleaux Formation (60 per cent). Hcwson 
(1777), 37 De Senac (1783) 38 and Home 
(18 18) 39 made note of the phenomenon of 
rouleaux formation during the process of 
blood coagulation. In 1851 Wharton Jones 40 
noted the increased tendency to rouleaux 
formation in persons “labouring under 
acute rheumatism or inflammation.” This 
fact has been confirmed by many investiga- 
tors since 1851 but it was not until 1932 that 
Reimann 41 drew attention to its occurrence 
in a case of multiple myeloma. The altered 
plasma proteins so common in multiple 
myeloma exert a profound effect on many 
laboratory procedures. Because of excessive 
rouleaux formation, red blood counts be- 
come difficult to do accurately, blood typing 
may be confusing, the sedimentation rate 
is extremely rapid and smears of the peri- 
pheral blood appear technically imperfect. 
As Fahraeus 42 has stated, the phenomenon 
of excessive rouleaux formation is probably 


due to the changes in electric charge which 
result primarily from the alteration of the 
albumin-globulin ratio. The exact mech- 
anism of increased rouleaux formation, 
however, remains obscure. In the last ten 
cases of myeloma which we have seen, six 
have shown increased rouleaux formation 
in the peripheral blood smear. Even in thin 
areas of the blood smear the red cells are 
seen to be piled one upon another. Excessive 
rouleaux formation occurs in other disorders 
associated with hyperproteinemia and is 
not distinctive of multiple myeloma. Besides 
this increased tendency to rouleaux forma- 
tion there may be a peculiar bright blue 
coloration of the peripheral blood smear 
(Wright’s stain). This phenomenon has 
been observed by others 10 and has been 
attributed to the elevated plasma proteins. 
We should like to emphasize the importance 
of these observations which are sometimes 
of help in the diagnosis of multiple myeloma. 

Renal Insufficiency (57 per cent). Urinary 
function was depressed in thirty-two of fifty- 
six cases in which phcnolsulfonphthalein 
excretion and urea clearance tests were 
done. In only one case of Bence Jones pro- 
teinuria were these two tests found to be 
normal. However, this case was later studied 
more carefully* and by determination of 
renal blood flow it was found that at least 
50 per cent of the renal units were non- 
functional. Various theories as to how Bence 
Jones proteinuria interferes with renal 
function have been postulated. Some au- 
thorities believe that there is a “toxic 
nephritis caused by elaboration of Bence 
Jones protein.” Others have postulated that 
glomerular damage results from filtration 
of Bence Jones bodies. Still others have said 
that damage results from the ischemia 
caused by large amounts of abnormal pro- 
tein circulating in the glomerular tuft. 
Actual tubular obstruction by protein casts 
associated with degeneration of the renal 
unit has been considered to be of primary 
importance. There are many questions to 
be settled before the true pathogenesis of 

* Determinations by Dr. Christine Waterhouse, Uni- 
versity of Rochester School of Medicine, Rochester, N. Y. 
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the renal insufficiency is elucidated. It is 
interesting that despite the so-called “neph- 
ritis” in this condition hypertension is 
seldom seen (13 per cent). Since Bence Jones 
proteins are small (35,000-40,000 molecular 
weight)* and since other proteins which 


in twenty-four of forty-five cases (53.3 per 
cent). Levels of 13 mg. per cent or higher 
were found in seven of forty-five cases (15.6 
per cent). The serum calcium was found 
to be depressed in four cases and normal 
in thirty. The average value was 11.0 mg. 


Table iii* 

SERUM CALCIUM PHOSPHORUS AND PHOSPHATASES IN VARIOUS BONE DISEASES 


i 

Diseases 

; 

Calcium 

1 

Phosphorus 

Acid Phosphatase 

Alkaline 

Phosphatase 

Hyperparathyroidism 

Elevated 

Depressed 

Normal 

Elevated 

Paget’s disease 

Normal 

Normal 

Normal 

Elevated 

Metastatic 

Elevated 

Normal 

Elevated in metastasizing 

Elevated 

carcinoma to bones 

infrequently 


carcinoma of prostate 


Multiple myeloma 

Elevated frequently 

Normal 

Normal 

Slightly elevated 


* After Gutman et al . 44 


are much larger pass through the glomeruli 
perhaps without doing permanent damage 
it seems unlikely that the mechanical filtra- 
tion of this substance alone can be responsi- 
ble for the renal damage. Blackman 43 
suspects that as the disease progresses and 
the quantity of urinary Bence Jones protein 
increases actual tubular obstruction occurs 
in a certain number of cases and renal 
failure develops. The true pathogenesis of 
renal insufficiency in this condition remains 
a mystery but it is our opinion that once 
Bence Jones protein is detected in the urine 
the development of renal insufficiency has 
begun. As the disease progresses the phenol- 
sulfonphthalein and urea clearance tests 
gradually become diminished and finally 
azotemia develops (the blood non-protein 
nitrogen was elevated in twenty-six of 
fifty-seven cases in which determinations 
were made; 46 per cent). Uremia was the 
mode of exitus in twelve (43 per cent) of 
twenty-eight cases in which the terminal 
condition was clear. 

Calcium and Phosphorus Metabolism. The 
serum calcium and phosphorus in cases of 
multiple myeloma may be altered. In our 
laboratory the upper limit of the normal 
serum calcium level is 11 mg. per cent. 
Levels higher than this were encountered 

‘Determinations by Dr. Christine Waterhouse, Uni- 
versity of Rochester School of Medicine, Rochester, N. Y. 


per cent. Phosphorus values were elevated 
(greater than 5 mg. per cent) in cases in 
which renal failure had developed (ten 
cases). The alkaline phosphatase activity 
(Bodansky) was greater than 4.0 Bodansky 
units in ten cases (48 per cent) of a total of 
twenty-one cases in which the determina- 
tion was made. The highest activity was 
found to be 26.5 Bodansky units and the 
lowest 1.7 Bodansky units. The average 
value was 5.2 Bodansky units. The acid 
phosphatase values (King-Armstrong) in 
twenty-one cases were all within normal 
limits. It can be seen from these figures that 
the following values are usually found in 
cases of multiple myeloma: (1) normal or 
elevated serum calcium; (2) normal serum 
phosphorus (unless renal impairment super- 
venes in which case the phosphorus level 
increases); (3) normal acid phosphatase; 
(4) normal to slightly elevated alkaline 
phosphatase. The frequent occurrence of 
the above findings is of distinct aid in the 
differential diagnosis of hyperparathyroid- 
ism, Paget’s disease, metastatic carcinoma 
to bone and multiple myeloma. (Table 111 .) 

The authors do not wish to convey the 
impression that the determination of serum 
calcium, inorganic phosphorus and phos- 
phatase activity arc diagnostic in cases of 
multiple myeloma, but rather that these 
determinations either lend support to or 
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detract from the establishment of such a 
diagnosis. 

Anticomplemenlary Wassermann {25 per crnl). 
The incidental occurrence of an anticom- 
plementary Wassermann reaction is some- 
times the first clue to the discovery of a case 
of multiple myeloma. This phenomenon 
is associated with cases in which there 
is marked hyperprotcincmia. 

White Blood Count and Peripheral Blood 
Smear. The white blood count in most of 
these cases of myeloma was within normal 
limits (average 8,975 per cu. mm.). Like- 
wise there was little alteration of the differ- 
ential formula. However, if careful search 
were made for plasma cells in the peripheral 
blood, plasma cells were found in small 
numbers in 25 per cent of the cases in which 
such a search was made. In two of our cases 
these cells were present in high percentages, 
i.e., 62 and 28 per cent. Both cases would 
have been considered by many to represent 
cases of plasma cell leukemia. In our 
opinion, however, there is reason to con- 
sider that these two cases represent a 
variant of the same underlying condition, 
namely, multiple myeloma. 

COURSE 

The vast majority of patients in this group 
pursued a continuous downhill course from 
the onset of symptoms to the time of death. 
We have not seen what would be con- 
sidered a true remission as has been reported 
elsewhere. Prior to admission to the hospital 
the average duration of symptoms was nine 
months. The patient remained in the 
hospital on the average of forty-three days 
and the average prognosis from the onset of 
symptoms was twenty-one months. The 
longest survival time was five years; the 
shortest one month. 

DIFFERENTIAL DIAGNOSIS 

The commonest diseases which were con- 
fused with multiple myeloma in this series 
in order of frequency were: metastatic 
malignancy to bone, arthritis (rheumatoid, 
degenerative or infectious), anemia (per- 


nicious or iron-deficiency), chronic neph- 
ritis, undulant fever, hyperparathyroidism, 
Paget’s disease, ruptured nucleus pulposus, 
osteomyelitis, leukemia and tuberculosis. 
Space docs not permit a discussion of the 
differential diagnosis of each of these con- 
ditions but it will be seen that the above 
diseases fall into four main groups: (1) 
disease of bone; (2) the anemic states; (3) 
renal disease; (4) certain febrile illnesses. 
In general, it can be said that the one 
factor which aided most, either directly 
or indirectly, in the differential diagnosis of 
multiple myeloma was the occurrence of 
abnormalities of the plasma proteins. 

The differential diagnosis of disease of 
the bone is aided materially by a careful 
study of the scrum calcium and inorganic 
phosphorus levels and a determination of 
the alkaline and acid phosphatase activity. 
(Table 111.) When this information is added 
to careful rocntgcnographic interpretation, 
much confusion may be averted. 

The elucidation of unexplained anemia, 
whether it be macrocytic, normocytic or 
microcytic, is aided by the examination of 
a suitable bone marrow preparation taken 
from the sternum. Such conditions as 
pernicious anemia in relapse and iron- 
deficiency anemia arc thereby easily dif- 
ferentiated. As has been stated previously, 
in only five cases were negative results 
obtained in a case which later proved to 
be multiple myeloma. 

The differential diagnosis of chronic renal 
disease is often confusing. However, the 
frequent occurrence of Bence Jones pro- 
teinuria, the low incidence of hypertension 
and the inability to demonstrate renal dis- 
turbance by roentgcnographic means all 
contribute to our ability to distinguish the 
renal insufficiency of multiple myeloma 
from other renal disorders. 

Various febrile illnesses (undulant fever, 
tuberculosis, etc.) may be confused with 
multiple myeloma unless it is realized that 
fever is a common accompaniment of the 
latter disease. It is not our intention to give 
a differential diagnosis of all the febrile 
illnesses but merely to emphasize that such 
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illnesses are frequently confused with multi- 
ple myeloma. 

TREATMENT 

Recently Snapper 45,46,47 has published a 
series of articles on the effect of stilbamidinc 
and related substances in the treatment of 
multiple myeloma. No claim is made as to 
cure of the disease but it has been found 
that following administration of this drug 
the patient’s pain is frequently alleviated 
and the roentgenographic spread of the 
bone lesions is noted to be brought to a 
temporary halt. We have had limited 
experience with this type of therapy but 
such investigation is in progress at the 
present time at this clinic. 

The judicious use of roentgen therapy to 
relieve the intractable bone pain to which 
these patients are prone has met with con- 
siderable success. It is also interesting to 
note that the longest survival time (five 
years) occurred in a patient who received a 
large amount of x-ray during the course 
of his disease. 

General considerations as to treatment 
include guarding against too strenuous 
activity because of the likelihood of pa- 
thologic fracture, the maintenance of proper 
oral hygiene and the judicious use of 
supportive measures. 

CONCLUSIONS 

From the experience gained from the 
study of these cases we conclude that the 
incidence of plasma cell tumors is greater 
than had been previously suspected. It is 
the responsibility of the clinician to recog- 
nize the cardinal signs and symptoms of this 
condition and to request the proper labora- 
tory studies which may corroborate such a 
diagnosis. It is self-evident that unless the 
existence of the disease is suspected by the 
clinician its “accidental” laboratory dis- 
covery will be rare indeed. In our present 
state of knowledge very little of a specific 
nature can be done for these patients. 
However, in the interests of making earlier 
and more accurate diagnoses than in the 
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past, the following suggestions are made: 
First, that in any case in which either 
hyperproteinemia or hyperglobulincmia is 
discovered, careful electrophoretic studies 
be carried out. Second, that more attention 
be paid to the occurrence of rouleaux 
formation of the red blood cells in the 
peripheral blood and to the bright blue 
coloration of the Wright’s stained blood 
smear, and that a satisfactory cause for their 
presence be found. Third, that any case of 
unexplained anemia (particularly in the 
older age groups) be given the benefit of a 
sternal aspiration and /or sternal biopsy. 
Fourth, that more energetic and careful 
searches be made for Bence Jones protein 
in all urine specimens which contain pro- 
tein. Fifth, that the level of serum calcium, 
inorganic phosphorus, alkaline and acid 
phosphatase be determined in suspicious 
cases. Sixth, that careful analysis be made 
of all roentgenographic osteolytic processes 
and more attention be paid to the occur- 
rence of osteoporosis. 

In fifteen cases of myeloma the electro- 
phoretic patterns were similar to those 
previously reported in this disease. In six- 
cases there was a tall, narrow, abnormal peak 
migrating more slowly than gamma globu- 
lin. This type of pattern had not, to our 
knowledge, been previously reported. The 
patterns of these twenty-one cases would 
in all except one instance justify a pre- 
sumptive diagnosis of multiple myeloma. 
Eight cases showed patterns of another type 
not previously reported. Large abnormal 
peaks were absent, but there were significant 
small abnormalities. In six cases of this group 
the patterns were believed to be strongly 
suggestive of myeloma. In the two other 
cases the patterns were only suggestive of 
some form of malignant disease. In this 
group of eight cases the incidence of 
Bence Jones proteinuria was 87.5 per cent. 
It is suggested that in many cases in which 
large abnormal peaks are absent, small 
abnormalities are due to Bence Jones pro- 
tein in the plasma. The high incidence of 
Bence Jones proteinuria in this group may 
result from the absence in the plasma of a 
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high molecular weight protein capable of 
forming complexes with Bence Jones protein. 

SUMMARY 

An analysis of sixty-one cases of plasma 
cell tumors is given. Particular attention is 
devoted to the electrophoretic patterns 
which occur in this condition and sugges- 
tions arc made which may increase the 
accuracy and promptness of the diagnosis 
of this type of tumor. The electrophoretic 
patterns of twenty-nine consecutive cases 
of diffuse plasma cell tumor were all ab- 
normal. One case of solitary myeloma of 
the antrum with low grade chronic infec- 
tion gave patterns which were normal 
except for those changes which commonly 
accompany infection. Five abnormal pat- 
terns from cases other than myeloma which 
might be confused with those of multiple 
myeloma are shown. 
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Test for the Presence of the “Hypertensive 
Diencephalic Syndrome” Using Histamine* 

Henry A. Schroeder, m.d. and Melvin L. Goldman, m.d. t 

St. Louis , Missouri 


P age has described a syndrome associ- 
ated with arterial hypertension which 
he called the “hypertensive dien- 
cephalic syndrome.” 1 We quote from his 
description: “This syndrome was described 
as occurring usually in young and middle- 
aged women, though it may be seen oc- 
casionally in men. It is characterized by 
hypertension of the labile sort, more es- 
pecially by the periodic appearance of a 
blotchy blush which extends down over the 
face and upper chest, seldom, if ever, in- 
volving the limbs. Indeed, the extremities 
may be cold, pale or have a dusky, mottled 
hue during an attack. Over the area of 
blush arc minute beads of perspiration. 
Lacrimation or merely “watering” of the 
eyes may occur without an associated 
emotional counterpart. Tachycardia and 
hypcrperistalsis arc common. These epi- 
sodes occur without apparent cause or may 
be brought on by embarrassment and 
excitement.” 2 

Penfield 3 first described a syndrome simi- 
lar to this which occurred in a patient with 
a tumor of the third ventricle; he called it 
“diencephalic autonomic epilepsy.” Symp- 
toms and signs can be grouped roughly as 
disturbances of function of three com- 
ponents of the autonomic centers: (1) 
Emotional instability can be seen by the 
excessive nervous tension and anxiety from 
which these patients suffer from time to 
time as well as attacks of uncontrollable 
and unreasonable weeping. These latter 
appear to bear no relation to the patient’s 
inner emotional status at the time of the 


attack; she is unable to give a reason for 
her actions which come on spontaneously 
at any time and which arc senseless to her. 
Many of the less severely disturbed patients 
do not exhibit these outbursts but may 
complain of attacks of emotional tension 
appearing without reason. (2) Vasomotor 
instability is shown by lability of the blood 
pressure (even after many years of sus- 
tained hypertension), the characteristic 
blotchy blush on the skin and recurrent 
episodes of cold, clammy and pale or 
cyanotic extremities. Blood pressure is 
usually higher when the blush is present. 
(3) Autonomic instability is evidenced by 
excessive perspiration, attacks of emotional 
polyuria, deep sighing respirations (often 
seen on the tracing made for determination 
of the basal metabolic rate) and the oc- 
casional presence of low grade fever. Often 
the patients’ only complaints arc of attacks 
of the nature described. Sometimes the 
headaches from which they suffer occur only 
during such attacks. We have noticed the 
presence of this syndrome in certain hyper- 
tensive patients for a number of years 4 and 
have believed with Page that it represented 
a neurogenic component which could be 
differentiated from other pathogenic factors. 

The curious blotchy rash or blush is the 
most common characteristic of this syn- 
drome. (Figs. 1 to 3.) We have seen it over 
the chest and back, upon arms, neck and 
face but rarely on the abdomen. In women 
it usually does not appear in the area over 
the shoulders subject to chronic compression 
by straps of clothing. Occasionally areas on 


* From the Department of Internal Medicine and the Oscar Johnson Institute, Washington University School 
of Medicine and Barnes Hospital, St. Louis, Mo., under a grant-in-aid from the U. S. Public Health Service, National 
Institutes of Health. 

t National Institutes of Health Postdoctorate Research Fellow. 
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Fig. 1. Blotchy blush appearing ten minutes after the intradermal injection of 0.25 mg. of histamine into the 
left forearm of a twenty-eight year old woman; a, before b, after injection. Note the rash on the upper arms, 
neck, back and shoulders; circumoral pallor can be seen faintly; the rash was a bright red. Hypertension was of the 
labile type. Although this reaction was repeatedly demonstrated, it disappeared after lumbodorsal sympathectomy. 


the face are brilliant red or purplish with a 
sharp line of demarcation next to one which 
is dead white. 

Because this syndrome is common, inter- 
esting speculatively and suggests certain 
manifestations of a discharge of impulses 
from the hypothalamus through the auto- 
nomic nervous system and because it has 
been reproduced by stimulation of the 
hypothalamus, a test to bring it out is of 
some value for studying it further. If these 
manifestations, dramatic as they are, arc 
concerned with some specific underlying 
mechanism of certain types of hypertension, 
such a test might be used to differentiate 
cases of one variety from another. 


Accordingly, attempts were made to re- 
produce the attacks by a method other than 
induction of embarrassment or excitement. 
It was soon found in many cases that hista- 
mine injected intradermally would cause the 
blush and other characteristic symptoms to 
appear. Therefore, this test was applied to 
a number of patients, some with normal 
blood pressures and some with hypertension 

METHOD 

With the patient recumbent, 0.25 cc. of 
histamine acid phosphate solution (0.25 mg. 
of histamine base) was injected intra- 
dermally into the volar surface of the fore- 
arm. As this amount of fluid was fairly large 
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Fig. 2. Blotchy erythema resulting from the intradcrmal 
injection of histamine in a thirty-two year old woman 
exhibiting “neurogenic” hypertension. Note areas on 
the shoulders where straps from underclothing had 
compressed the skin. 



Fig. 3. Typical diencephalic blush induced by emotion 
in a thirty-seven year old woman who had suffered 
from a severe but labile hypertension for fifteen years. 


some of the material probably escaped into 
subcutaneous tissues. The injection was 
accompanied by a sharp, severe pain not 
unlike that of a bee sting which subsided 
rapidly. Five, ten and fifteen minutes later 
patients were examined carefully for skin 
manifestations and were questioned closely 
for symptoms. Any complaint similar to 
those usually experienced (headache, palpi- 
tation, etc.) was especially noted. Blood 
pressure changes were recorded in many 
by the auscultatory method. 

One hundred three ward and clinic 
patients were so tested, fifty-three of whom 
suffered from arterial hypertension and 
fifty did not. There was some tendency to 
test more patients exhibiting clinical signs 
of “neurogenic” hypertension because it 
was soon found that these were the type 
giving positive responses. Of the hyper- 
tensives, sixteen were males and thirty- 
seven were females; there were twenty-five 
normotensive males and twenty-five fe- 
males. An attempt was made to classify 


them according to a plan previously 
described. 4 

No attempt was made to control the 
temperature of the room in which the test 
was made but it was never excessively cold. 
No effect of outside temperature or weather 
was seen in the results. 

The following criteria were graded 1 plus 
to 4 plus: (1) Flushing of the face and cir- 
cumoral pallor which were present to some 
degree in most cases and were recorded but 
not considered in the overall evaluation of 
the test. (2) Headache; the type, location, 
severity and duration of which were re- 
corded and graded. Special attention was 
paid to the resemblance of the headache 
produced by histamine to that typically 
experienced as a result of hypertension. 
(3) Tearing or lacrimation; mere watering 
of the eyes to uncontrollable outbursts of 
weeping and sobbing were graded and 
attention was given to the presence of 
similar attacks in the history of the patient. 
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(4) Blotchy erythema; the presence and 
degree of the mottled blush on the face, 
back, neckline, chest and abdomen was 
noted. The presence of a “strap line” of 
normal skin on the shoulders where com- 
pression from undergarments had occurred 
was recorded. (5) Local reaction; the 
presence of a wheal and erythema at the 
site of injection was noted. (6) The total 
reaction, based upon an evaluation of the 
aforementioned signs, was graded as nega- 
tive or 1 plus to 4 plus. The blush was given 
greatest weight in this estimation. 

RESULTS 

Sixteen hypertensive patients showed a 
reaction to histamine considered as 3 or 
4 plus. (Table i.) Of these, all were con- 
sidered to exhibit clinical signs of “neuro- 
genic” hypertension in that blood pressures 
were labile, vascular disease was minimal, 
the course was usually benign and there 
were associated emotional disturbances. 
Sixteen more patients of a similar type gave 
a reaction considered as 2 plus, a definite 
although less marked response. Only seven 
of this type did not react or reacted only 
slightly. In addition four patients exhibiting 
associated disturbances suspected to be of 
endocrine origin, two suffering from general 
arteriosclerosis and seven of eight classified 
in an “unknown” category gave negative 
to minimal reactions. Only one patient in 
this group showed a 2 plus reaction. The 
blush and other symptoms appeared three 
to five minutes after injection and reached 
its greatest intensity in ten minutes. It 
usually lasted fifteen to thirty minutes, 
fading gradually. 

Two patients exhibiting occasional slight 
elevations of blood pressure were considered 
to be “prehypertensive.” In one patient a 
marked reaction was elicited and in the 
other a mild reaction was seen. 

Of the normal controls forty patients did 
not react in this manner to histamine, five 
reacted slightly and only five showed re- 
sponses considered 2 to 4 plus. Two of these 
suffered from psychoneurosis and low grade 
fever of unknown origin, one of Hodgkins 
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disease, and one of mild rheumatoid 
arthritis with slight elevation of systolic 
blood pressure, cold moist extremities and 
palpitation. 

Tests were repeated weeks or months 
apart in six patients who reacted and similar 

Table i 

RESULTS OF “HISTAMINE TEST” IN ELICITING SIGNS AND 
SYMPTOMS OF HYPERTENSIVE DIENCEPHALIC 
SYNDROME 





Reaction 


Total 

! 

Total 

Positive* 


0 

+ 

J 

i 

+++ 

++++ 

No i 

Per 

Cent 

Normolensive 

subjects; 

Male 

22 

1 

1 

1 ! 

0 

25 

2_l 

8 

Female 

18 

4 1 

0 

1 

2 

25 

3 ! 

12 

Hypertensive 
subjects: 
Neurogenic type 
Male 

1 

1 

2 1 

7 

1 

2 

2 

14 

11 

79 

Female 

2 

2 

9 

4 

8 

25 

21 

84 

Other types; 

Male 

2 

0* 

0 1 

0 

0 

2 

0 


Female 

8 

3 

1 

0 

0 

12 

1 

8 


* Positive includes reactors of + 4" or greater. 


results were obtained. Three female pa- 
tients who repeatedly had reacted ex- 
cessively to the drug were subjected to 
lumbodorsal sympathectomy ; excellent early 
results were obtained and their blood 
pressures remained at normal levels. Post- 
operatively none of them reacted to hista- 
mine. A markedly positive response in 
another disappeared after operation al- 
though blood pressure did not fall to 
normal levels. 

Attempts were made to block this reaction 
in one by the use of antihistaminic agents 
but were unsuccessful although the blush 
produced was of somewhat less intensity. 
Epinephrine (0.5 mg.) given subcutaneously 
in four did not reproduce the train of events 
nor did acetyl-/?-methyl choline chloride 
(12.5 mg.) or yeast adenylic acid (10 mg.). 

Headache typical of that usually ex- 
perienced was reproduced in fourteen 
hypertensive subjects by histamine. The re- 
mainder did not complain of headaches 
during the test. In thirteen normotensive 
individuals headache was initiated; in four 
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it was severe and similar to that previously 
experienced. One of these was found to 
have a chromophobe adenoma of the 
pituitary. 

Attacks simulating presenting symptoms 
were initiated by histamine in most of those 
patients in whom the test was positive. 
Aside from the blush and headache, symp- 
toms included: severe spells of weeping 
(3 patients), dizziness (6 patients), palpita- 
tion (10 patients), excitement and anxiety 
(2 patients) and tachycardia (4 patients). 
In no patient was generalized vascular 
collapse produced. 

In two hypertensive subjects intradcrmal 
histamine produced symptoms of severe 
headache, palpitation, tachycardia and 
elevation of blood pressure similar to those 
seen in cases of phcochromocyloma after 
its intravenous use. - ’ 1 No blush appeared in 
these individuals. Opportunity for further 
study on one patient was not given; the 
other showed a moderate response to the 
Roth-Kvale test but exploration failed to 
reveal a tumor in the adrenal gland. 

COMMENTS 

The mechanism by which intradcrmal 
histamine reproduces attacks of the “hyper- 
tensive diencephalic syndrome” is not 
known. One can speculate that histamine 
directly stimulates certain elements of the 
autonomic nervous system, stimulates the 
same elements indirectly by eliciting some 
other mediator (for example epinephrine or 
sympathin), or acts directly on skin, nerve 
tissue and blood vessels. Since epinephrine 
itself did not produce these symptoms it is 
unlikely that the mechanism is the same 
as that suggested by Roth and Kvale for 
patients with pheochromocytoma. 5 Repro- 
duction of the typical hypertensive head- 
ache in a certain proportion of cases suggests 
that histamine may be concerned in some 
manner with these headaches, as well as 
with other symptoms of which these patients 
complain. 

Whether incomplete metabolism of histi- 
dine is present in some cases of arterial 
hypertension is not known but might be 
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suspected by analogy from the work of 
Holtz/' However, we have not seen a posi- 
tive histamine test in patients with severe 
renal impairment secondary to hypertension. 

This test has been of some value in esti- 
mating the degree and presence of the 
“neurogenic” clement in cases of arterial 
hypertension. Strongly positive reactions 
were seen only in this type. While the series 
is small, the results suggest that some such 
test as this may be of aid in differentiating 
certain types of individuals from others. 
Whether it will be of value in the selection 
of patients for sympathectomy remains to 
be proven; in a small scries operated upon 
in this hospital, three of the best immediate 
results were in patients reacting strongly 
to this test. 

Like ail such procedures the results arc 
not clear-cut, and the criteria for their 
evaluation inexact. But from a superficial 
analysis one can assume that if patients 
react strongly to histamine in the manner 
described, they arc likely to have a fluctuat- 
ing blood pressure, a relatively benign 
course, relatively little renal disease, attacks 
similar to that produced by the test, and 
general vascular and emotional lability. 

SUMMARY 

A test using the intradcrmal injection of 
0.25 mg. of histamine has been described 
which appears to reproduce attacks typical 
of the “hypertensive diencephalic syn- 
drome.” It also reproduces in some hyper- 
tensive patients other symptoms of which 
they complain. Few normotensive patients 
respond to histamine in this manner. It is 
suggested, therefore, that histamine-like 
substances may be concerned in the causa- 
tion of some of the symptoms common to 
many hypertensive patients, especially those 
exhibiting the “neurogenic” type. 

Acknowledgment. The authors are indebted 
to Dr. Palmer H. Futcher and Dr. John A. 
Nuetzel for performing some of the tests. Photo- 
graphs in Figs. 1 and 2 were made by Mr. K. 
Cramer Lewis of the Department of Illustration, 
Washington University School of Medicine, and 

AMERICAN JOURNAL OF MEDICINE 


Histamine Test — 



Histamine Test — Schroeder, Goldman 


in Fig. 3 by Mr. Joseph B. Haulenbeek of the 
Rockefeller Institute. 

REFERENCES 

1. Page, I. H. A syndrome simulating diencephalic 

stimulation occurring in patients with essential 
hypertension. Am. J. M. Sc., 190: 9, 1935. 

2. Page, I. H. and Corcoran, A. C. Arterial Hyper- 

tension, Its Diagnosis and Treatment. Chicago, 
1946. The Year Book Publishers. 


167 

3. Penfield, W. Diencephalic autonomic epilepsy. Arch. 

Neurol. & Psychiat., 22: 358, 1929. 

4. Schroeder, H. A. and Steele, J. M. Studies on 

“essential” hypertension. I. Classification, Arch. 
In/. Med., 64: 927, 1939. 

5. Roth, G. M. and Kvale, W. P. Tentative test for 

diagnosis of pheochromocytoma. J. Lab. & Clin. 
Med., 30: 366, 1945. 

6. Holtz, P., Credner, K. and Walter, H. Uber die 

Spezifitat dcr Aminosaurcdccarboxylascn. <Jschr.J. 
physiol. C/icm., 262: 111, 1939. 


FEBRUARY, 1949 



Treatment of Thromboangiitis Obliterans 

Two-year Follow-up after Sympathectomy 

William J. Messinger, .m.d.,* Edmund N. Goodman, m.d.* 

jVcw York 

and James C. White, m.d. f 
Boston, Massachusetts 


I N a previous report Goodman, Mes- 
singer and White 1 reported their 
experiences with patients favorably 
influenced by intervention on the autonomic 
nervous system. The immediate results 
achieved in thromboangiitis obliterans were 
so impressive that it was decided to sym- 
pathectomize all new proven cases in which 
high vasoconstrictor tone could be demon- 
strated and to subject these individuals to 
periodic review in order to gauge the long 
term effectiveness of treatment. This report 
is concerned with an evaluation of nineteen 
patients with thromboangiitis obliterans 
treated by sympathectomy. 

METHODS OF STUDY 

These were as described in our previous re- 
port, 1 with the following additions: A psychia- 
trist was invited to participate in the evaluation 
of patients. Photographs of the involved ex- 
tremities of all patients were obtained in color 
prior to and following sympathectomy as ob- 
jective records. Since blocking of the para- 
vertebral ganglia by means of procaine taxes 
the patient, personnel and facilities, tetraethyl 
ammonium chloride,! a drug which blocks the 
autonomic ganglia, in the dosage of 7 to 10 
mg. per Kg. intravenously was employed and 
proved to be an acceptable substitute. The 
pharmacologic properties of this drug have been 
the subject of previous reports by Lyons et al. 2 
The side-effects of the drug sometimes incapaci- 
tated a patient temporarily, rendering him 
unfit for immediate ambulation. 

When the effect of sympathectomy on the 


patients’ claudication time was investigated, 
procaine block of the paravertebral sympathetic 
ganglia was again the procedure used. In an 
attempt to obtain evidence of increased deep 
blood flow of the extremities following sympa- 
thectomy we recently have been subjecting all 
new patients before and after operation to the 
crgomctric procedure reported by Hitzrot et al. 3 
These results will be the subject of a future 
report. Finally, to evaluate properly some indi- 
viduals with vague extremity pain we found the 
technic of Naide 4 to be most useful in excluding 
bizarre vascular manifestations of early arthritis. 
Patients with massive gangrene or infection 
were treated initially in the manner described 
in our previous report. 

Surgical Technic. For lumbar sympathectomy 
the patient is placed in a lateral position with 
knees bent and hips flexed. A hockey-stick-type 
incision is used, extending from the border of 
the semispinalis muscle at the level of the 
twelfth rib to a point 2.5 cm. above the anterior 
superior spine of the ilium. A portion of the 
external oblique muscle is cut, the transversalis 
fascia split and the lumbodorsal fascia incised. 
The retroperitoneal space is thus exposed and 
the abdominal contents are stripped forward 
simply by hugging the quadratus lumborum and 
psoas muscles. The sympathetic chain can now 
be visualized at the junction of the psoas muscle 
and vertebral body. Due caution must be exer- 
cised to prevent injury to the ureter and the 
vena cava on the left and aorta and ureter on 
the right. With the aid of a long nerve hook, 
the sympathetic chain is held and the individual 
rami of the ganglia to be removed are clipped 
with silver brain clips and the chain proximal 
and distal to the ganglia doubly clipped prior 


•Now on the Vascular and The Neurosurgical Services, U.S.N.H., St Albans, N. Y. 
t Now on the Neurosurgical Service, Massachusetts General Hospital, Boston, Mass, 
f Etamon, generously supplied by Parke, Davis & Co. 
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to resection of the ganglia. Silk closure is used' 
with all spaces closed tightly and air-free. 

A prerequisite for thoracic sympathectomy is 
intratracheal anesthesia. The patient is placed 
in a prone position with a pillow under his chest 
to accentuate the upper thoracic spinal curve 
while the arms are allowed to fall free in order 
to throw the scapulae anteriorly. At the level 
of Tj an 8 cm. incision is made, extending to 
the level of T<, 4 cm. lateral to the spinous 
processes. A 4 cm. section of the third rib is 
removed from its vertebral attachment. The 
endothoracic fascia can now be incised, pleura 
and lung retracted from the rib surfaces and 
the area from first to fourth rib exposed. The 
second and third intercostal nerves are identi- 
fied and their communicating rami with the 
sympathetic chain are divided. By exerting 
gentle traction on the intercostal nerves the 
anterior and posterior roots are brought into 
view and the nerves severed at their emergence 
from the intervertebral foramina. The sympa- 
thetic chain, held with a nerve hook, is divided 
below the fourth ganglia and the length of the 
chain, including the second, third and fourth 
ganglia, is covered with tantalum foil so that 
the distal end is capped and bent on itself. The 
chain is then anchored into the semispinalis 
muscle in a cephalad direction. The use of the 
foil in this manner and the diversion of the chain 
in the cephalad direction are emphasized since 
we believe the maneuver effectively prevents 
regeneration in most instances. 

Distribution of Cases. All of our patients 
were males, all were smokers. Significantly, 
they indicated a one- to threefold increase in 
smoking either upon entrance into service or 
since release from service. The colored race 
was not represented, but no special racial dis- 
tribution was apparent. The youngest patient 
was twenty years and the oldest fifty-four years 
of age. The symptoms and findings of each pa- 
tient are recorded briefly in Table i. The pres- 
ence of Raynaud’s syndrome, of migratory 
phlebitis and of involvement of all four ex- 
tremities in this group approximates the 
incidence reported in a larger series of cases by 
Freeman 6 from the Army Vascular Centers. 
The presence of epidermophytosis in some of 
these patients may have been contributory to 
their phlebitis. It is more likely that the in- 
creased growth of the fungus was due to hyper- 
hidrosis and the vein involvement a primary 
manifestation of the underlying vascular dis- 
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ease. It should be noted that all of our patients 
were either Navy personnel or veterans of the 
services. 

RESULTS 

No patient's symptoms were worse after 
operation and no fatalities occurred due to 
operation. Pain in all patients subjected to 
operation was relieved within forty-eight 
hours after the procedure was carried out 
so that the use of narcotics and analgesics 
could be discontinued as soon as discomfort 
from the operative site ceased. Reversal of 
color changes started immediately after 
operation and ulcerated gangrenous areas 
generally began to heal promptly. In a few 
patients color changes and symptoms be- 
came worse five to seven days following 
operation. This was of short duration and 
thought to be due to the transient burst of 
vasoconstrictor and sudomotor activity that 
generally occurs at this time after any 
peripheral sympathetic denervation. This 
phenomenon had been previously described 
by White and Smithwick. G There were no 
amputations in this series. No patient was 
bedridden more than four days because of 
the operative procedure. All patients except 
one (Case xviii) reported significant amelio- 
ration of claudication (when present) within 
a week after operation and progressive 
improvement thereafter. In this connection 
it is only fair to state that in those with long- 
standing symptoms and muscle wasting, 
complete rehabilitation was naturally of 
longer duration. It is true nevertheless that 
the majority of our patients were able to 
return to work in four to six weeks without 
recourse to further medical treatment. 
Signs of nerve regeneration have not 
appeared in this group. 

Since the preservation of sexual function 
in the age groups found in this series was of 
some concern to the patients, the first 
lumbar ganglion - was spared whenever 
possible. As our experience accumulated it 
became apparent that the first lumbar 
ganglia were not of prime importance for 
the preservation of erection and ejaculation. 
This observation was significant because 
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these ganglia control the important area 
from knee to hip. To summarize our 
observations concerning sexual disturbances 
resulting from lumbar sympathectomy in 
over one hundred cases we can state the 
following: No patient reported permanent 
disturbance of erection or ejaculation as a 
result of unilateral operation when Li was 
included in the ganglia removed. Prac- 
tically all patients reported disturbances 
after bilateral operation. These consisted of 
failure of erection, loss of ejaculation or both 
although Li was excluded in some in- 
stances. Between these extremes various 
complaints were noted, none of which 
appeared to incapacitate the individual’s 
sexual powers permanently. We therefore 
can conclude from our observations that no 
single lumbar ganglion controls the sexual 
functions and that these functions most 
likely are mediated bilaterally through the 
lumbar ganglia. Unfortunately, we have no 
reliable data with regard to sterility in these 
individuals after operation. 

COMMENTS 

Silbert," who has followed more than 500 
individuals with this disease from two to 
fifteen years, has indicated that cessation of 
smoking will cause the disease to be self- 
limiting, and in some early cases this alone 
appears to be sufficient to result in relief of 
symptoms. We believe that there is general 
agreement with this statement. It should 
also be self-evident from the reports on the 
multiplicity of medicinal, thermal and 
mechanical agents used in the treatment of 
this disease that the patient requires further 
therapy after he gives up use of tobacco. 

In the light of newer knowledge concern- 
ing peripheral blood flow, re-examination 
of the evidence forming the basis for some of 
the medicinal treatments in thrombo- 
angiitis obliterans appears to be in order. 
For example, Friedlander et al., 8 using 
muscle and skin thermocouples, reported 
that after such procedures as reflex body 
heating, block of the sympathetic ganglia 


by procaine and spinal anesthesia, skin 
temperature increased while muscle tem- 
perature remained unchanged. Intravenous 
injection of 300 cc. of 5 per cent sodium 
chloride caused both increase in muscle and 
skin temperature. That muscle temperature 
changes can be used as an index of muscle 
blood flow has been challenged by Wilkins 5 
and most recently by Barcroft and Ed- 
holm. 10 These investigators oppose such 
inferences since muscle is so much less 
vascular than skin that the release of vaso- 
constrictor tone causes far less increase in 
blood per unit volume of tissue than it does 
in skin. In addition they emphasize the fact 
that unless every precaution is taken to 
prevent cooling of the limb prior to sym- 
pathetic block the muscle blood flow would 
be subnormal and the effect of the block 
reduced. 

All our patients with thromboangiitis 
obliterans were found to be inveterate 
smokers. This situation prevailed despite 
the fact that they had been persistently 
warned against smoking. It was gratifying 
to note in eleven of our patients apparent 
reversal of this attitude after sympathectomy. 
We do not doubt that some will again 
return to the habit, not because of recur- 
rence of symptoms but mainly because of 
the social amenities and modern adver- 
tising practices. This seems to be confirmed 
in our follow-up. (Table 1 .) 

Surgical interruption of sympathetic path- 
ways for thromboangiitis obliterans does not 
originate with us. Harris, 11 Freeman and 
Montgomery, 12 Lcriche 13 and deFakats 14 
are among those whose reports indicate 
that the procedure has a favorable influence 
on the course of this disease. In a report 
summarizing the Army’s wartime experi- 
ence in its vascular disease centers, Free- 
man 5 states that 53 of 160 patients with 
thromboangiitis obliterans were treated by 
sympathectomy. Of these three failed to 
improve and these were patients who con- 
tinued to smoke. In this connection a brief 
review of the history of Case xvm is interest- 
ing since this patient failed to maintain lus 
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Table i 

TREATMENT OF THROMBOANGIITIS OBLITERANS WITH SYMPATHECTOMY 


Case 

No. 

Name 

Age 

Symptoms 

Duration 

Pertinent Findings 

Operation 

Two-year Follow-up 

1 

S. B. 

22 

Calf and foot pain 
bilaterally upon 
walking, relieved 
by rest 

■ 

Absent pedal pulses; 
diminished calf oscil- 
lometric readings; 
cool hyperhidrotic 
feet; marked blanch- 
ing on elevation; 
marked delay in vein 
filling in dependency 

Bilateral lum- 
bar sympa- 
thectomy, 

L«, L 3 

Warm, dry feet im- 
mediately after op- 
eration; asympto- 
matic and not smok- 
ing 

II 

P. c. 

23 

1 

Raynaud’s syn- 
drome of both low- 
er extremities with 
hyperhidrosis; 
severe calf pain on 
walking, also 
Raynaud’s syn- 
drome of upper 
extremities 

1 

2 yr. 

1 

1 

Pallor and numbness 
of feet on elevation 
and rubor on de- 
pendency; diminished 
post-tibial and 
dorsalis pedis pulsa- 
tions; pallor of both 
hands on elevation 
and rubor on de- 
pendency; 
diminished right 
radial pulsation and 
poor ulnar collaterals 
on left 

Bilateral lum- 
bar sympa- 
thectomy, Li, 
L 3 ; bilateral 
thoracic 
sympathec- 
tomy, To, T 3 , 
T 4 and second 
intercostal 
nerve 
rhizotomy 

Immediate reversal of 
color changes in all 
extremities after op- 
eration; occasional 
pain in legs in cold 
weather; unlimited 
exercise tolerance. 
Dorsalis pedis pulses 
remain diminished 
but left ulnar col- 
lateral circulation is 
good; smoking 

III 

G. D. 

24 

i 

Numbness, pain and 
coldness of fingers 
and toes: ulcera- 
tion of fingertips of 
3 months’ duration 

5 mo. 

Marked hyperhidrosis 
of hands and feet 
with severe color 
changes upon change 
in position; ulcera- 
tion of all fingertips; 
all major pulse di- 
minished in the up- 
per and lower 
extremities, left 
posterior tibial and 
both dorsal pedis 
pulses absent j 

Bilateral lum- 
bar sympa- 
thectomy, Lo, 
L 3 ; bilateral 
thoracic sym- 
pathectomy, 
T», T 3 , and 
second inter- 
costal nerve 
rhizotomy 

Prompt healing of fin- 
ger ulcerations after 
operation and re- 
versal of color 
changes; good exer- 
cise tolerance; no in- 
crease in major pulsa- 
tions; not smoking 

IV 

M. D. 

24 

Claudication walk- 
ing 2 blocks; ne- 
crotic ulcer, 
paronychia 4th left 
toe 

3 mo. 

Cold sweaty feet with 
cyanosis on depend- 
ency, blanching on 
elevation; absence of 
dorsalis pedis and 
post-tibials bilater- 
ally, and right pop- 
liteal; oscillometric 
readings diminished 
in right calf and both 
feet 

Bilateral lum- 
bar sympa- 
thectomy, 

Lo, L, 

Prompt healing of ul- 
cer with early loss of 
claudication; not 
smoking; asympto- 
matic; major pulsa- 
tions have not re- 
turned; no color 
changes 

V 

D. E. 

45 

Numbness of feet; 
aching of legs and 
feet on walking; 
discoloration of 
feet while depend- 
ent, left worse than 
right 

17 yr. 

Cold cyanotic feet with 
diminished skin tem- 
perature; all pulses 
except femorals ab- 
sent; femoral pulses 
diminished; no calci- 
fication of arteries in 
legs by x-rays; biopsy 
of left posterior tibial 
artery reported as 
pathognomonic of 
thromboangiitis 
obliterans 

Transab- 

dominal 

sympathec- 

tomy, 

Lo, L 3 , L 3 

Has required no fur- 
ther medical atten- 
tion; feet are warm 
and dry and of good 
color; progressive ex- 
ercise tolerance with- 
out claudication; not 
smoking 
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Table i ( Continued ) 


Case 

No. 

Name 

Age 

Symptoms 

Duration 

Pertinent Findings 

Operation 

Two-year Follow-up 

VI ; 

G. F. 

36 

Swelling, redness 
and pain in both 
feet; claudication 
upon walking 2 
blocks 

3 yr. 

Marked color change 
and coldness of lower 
extremities; absence 
of all pulsations, ex- 
cept the fcmorals 
which were dimin- 
ished; both radial 
pulses diminished and 
ulnar collateral circu- 
lation poor 

Bilateral 
lumbar 
sympathec- 
tomy, I., i , L— , 
L 3 , Lj 

Progressive rclicf~of 
claudication and re- 
versal of color 
changes in lower ex- 
tremities; feet arc 
warm, dry and pain- 
less; both hands are 
cool and hyperhidro- 
tic; there is beginning 
ulceration of the tip 
of the 5th finger, left 
hand; patient re- 
quests thoracic sym- 
pathectomy; smoking 

vii 

H. F. 

43 

Pain and discolora- 
tion of feet; claudi- 
cation of left calf; 
one episode of 
Raynaud’s 
syndrome involv- 
ing 4th and 5th 
fingers, left hand 

Left leg, 

5 yr.; 

right 

leg, 

3 yr. 

Roth feet are blue, 
cold, and hyperhidro- 
tic; changes are more 
severe in the left foot; 
only femoral pulses 
palpable; chronic 
area of dermatitis 
present on left ankle 

Left lumbar 
sympathec- 
tomy, L;, L: 

Patient ceased smoking 
immediately after op- 
eration; progressive 
loss in claudication 
noted; color changes 
in left foot became 
minimal; after 3 
weeks the foot became 
warm and dry; color 
changes in right foot 
became minimal in 
4 months but the 
foot remained cool 
and hypcrhidrotic; 
returned 2 years after 
operation because of 
thrombophlebitis of 
right calf directly re- 
lated to resumption 
of smoking; left foot 
warm and asympto- 
matic; working up to 
time of thrombo- 
phlebitis 

VIII 

S.J. 

| 20 

Pain and swelling 
of left foot 

P 

1 

Absent pedal pulses 
and left posterior 
tibial; ulcerations of 
left 4th and 5th toes; 
both feet cold and 
cyanotic; marked 
pallor on elevation of 
feet with slow return 
of color on depend- 
ency 

Left lumbar 
sympathec- 
tomy Le, Lj 

Immediate warming of 
left foot with loss of 
pain after operation; 
prompt healing of 
ulcerations; right foot 
is cool and moist now 
but left is warm and 
dry; no color changes 
in either; asympto- 
matic; not smoking 

IX 

R. K. 

45 

Increasing claudi- 
cation, left calf; 
cold, wet left foot 

1 yr. 

Left calf 3.5 cm. less 
in diameter than 
right both dorsalis 
pedis, left posterior 
tibial and left pop- 
liteal pulsations ab- 
sent; cool feet with 
marked rubor and 
tenderness of first toe, 
left foot 

Left lumbar 
sympathec- 
tomy, Li, L;, 
L, 

Marked relief of symp- 
toms immediately 
after operation; re- 
versal of color changes 
in left foot; claudica- 
tion has progressively 
decreased so that he 
can play golf without 
symptoms; not smok- 
ing 
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Table i ( Continued ) 


Case 

No. 

Name 

Age 

Symptoms 

Duration 

Pertinent Findings 

Operation 

Two-year Follow-up 

X 

A. L. 

43 

Right hand cold 
and hyperhidrotic; 
marked blanching 
and rubor 

6 mo. 

i 

i 

i 

i 

Necrotic ulcerations 
of the fingertips 2-5, 
right hand; right 
ulnar pulse absent, 
radial diminished; 
marked hyperhidro- 
sis of right hand 

1 

i 

1 

1 

Right thoracic 
sympathec- 
tomy, T 2 , T 3 
and 2nd inter- 
costal nerve 
rhizotomy 

Right hand warm and 
dry; no change in 
pulsations; ulcera- 
tions healed promptly 
after operation; left 
hand hyperhidrotic 
and left ulnar pulse 
absent; Raynaud’s 
phenomena of left 
hand; both post-tibial 
pulses very faint but 
denies leg symptoms; 
requests left thoracic 
sympathectomy; 
smoking 

XI 

J- L. 

36 

Painful, cold, dis- 
colored fingers 
right hand; pain- 
ful right leg with 

2 block calf claudi- 

1 

cation 

14 mo. 

Evidence of migrating 
phlebitis in lower ex- 
tremities; cold, tender 
ulcerated right 4th 
and 5th fingers with 
color changes; 
marked tenderness 
over right ulnar 
artery; decreased os- 
cillometric readings 
on left forearm; mod- 
erate rubor of both 
feet; absent dorsalis 
pedis and posterior 
tibial pulses 

Bilateral lum- 
bar sympa- 
thectomy, Li, 
Lj; bilateral 
thoracic 
sympathec- 
tomy, To, T 3 , 
T j and 2nd 
intercostal 

nerve 

rhizotomies 

Immediate relief of 
pain in hands after 
operation; rapid loss 
of claudication and 
healing of finger ul- 
cers; gradual reversal 
of color changes; 
rarely smokes and is 
asymptomatic 

XII 

E. M. 

43 

One half block clau- 
dication of both 
legs; numbness and! 
tingling of the 
hands with epi- 
sodes of Raynaud’s 
syndrome of 1st, 
2nd and 3rd fingers 

6 mo. 

Marked dermatophy- 
tosis of feet and hy- 
perhidrosis of hands 
and feet; left radial 
pulse absent and 2nd 
and 3rd fingers cold 
and blue; both pos- 
terior tibial arteries 
barely palpable; no 
calcification of ex- 
tremity vessels noted 
by x-ray 

Bilateral 
thoracic sym- 
pathectomy, 
Ts, Ts and 
2nd intercostal 
nerve rhizo- 
tomies; bilat- 
eral lumber 
sympathec- 
tomy, Li, L: 

Immediate relief of 
hand symptoms; can 
walk 1 mile in cold 
weather without clau- 
dication; coldness of 
2nd and 3rd fingers, 
left hand which per- 
sists but color is good; 
posterior tibial pulsa- 
tions are improved 
and confirmed by os- 
cillometric readings. 
Smoking 

XIII 

P. O’C. 

36 

Bilateral claudica- 
tion with coolness 
and discoloration 
of the feet; one epi- 
sode of Raynaud’s 
syndrome right 
hand; 2 episodes of 
phlebitis, left leg 

18 mo. 

Marked color changes 
and hyperhidrosis of 
both feet; only fe- 
moral pulses palpa- 
ble; marked delay in 
vein filling 

Bilateral lum- 
bar sympa- 
thectomy, 

L i, Lj 

Dry, warm, lower ex- 
tremities immediately 
after operation; rapid 
reversal of color 
changes with nearly 
normal vein filling; 
major pulses have not 
returned; gradual 
diminution in claudi- 
cation; not smoking 

XIV 

J. R. 

38 

Pain and ulceration 
of 1st toe, right 
foot 

7 mo. 

Right foot violaceous 
in color with a ne- 
crotic ulcer extending 
into the base of the 
1st joint; both dor- 
salis pedis pulses ab- 
sent in addition to 
the right posterior 
tibial 

Right lumbar 
sympathec- 
tomy, Lj-Lj; 
disarticulation 
of terminal 
phalanx 

Immediate results were 
good; now has bi- 
lateral caludication, 
worse in left calf., 
right foot is warm 
with better vein fill- 
ing than left; denies 
smoking 
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Case 

No. 

Name 

Age 

Symptoms 

Duration 

Pertinent Findings 

Operation 

Two-year Follow-up 

XV 

L. R. 

33 

Said to have had 
trench foot in 1944; 
pain, swelling, 
redness and cold- 
ness of the 1 st and 
2 nd toes of left foot 

2 wk. 

Ssvclling and rubor of 
left foot; left foot cold, 
right cool; draining 
ulcerations present on 
tips of 1 st and 2 nd 
toes, left foot; left 
dorsalis pedis and 
posterior tibial pulses 
absent; left foot mark- 
edly hyperhidrotic; 
no stigmas of trench 
foot found 

Left lumbar 
sympathec- 
tomy', Li, L 2 

Toe ulcers had healed 
within 3 wk. after op- 
eration; feet are 
warm, dry and pink 
with minimal blanch- 
ing of left foot on ele- 
vation ; left posterior 
tibial artery faintly 
palpable; rarely 
smokes now 

XVI 

H. W. 

; 

i 

i 

33 

Cyanosis, swelling 
and tenderness of 
left foot 

1 4 yr. 

Cyanotic, cold left 
foot; dorsalis pedis 
pulses absent bilat- 
erally; absent left 
posterior tibial pulse; 
severe blanching of 
left foot on elevation 
with slow return of 
color on dependency 

Left lumbar 
sympathec- 
tomy, Li. L-, 

L, 

Warm, painless foot 
immediately after op- 
eration; asympto- 
matic; posterior tibial 
pulse is palpable; un- 
limited exercise toler- 
ance; not smoking 

XVII 

L. W. 

54 

Claudication, both 
legs and feet; ul- 
ceration of 3rd toe 
right foot of 1 
week’s duration; 
original diagnosis 
of thromboangiitis 
obliterans of left 
lower extremity 
made at Mt. Sinai 
Hospital more than 
20 yr. ago; original 
history includes 
migratory phlebitis 
and Raynaud’s 
syndrome of lower 
extremities; insists 
he has not smoked 
in 20 yr. 

29 yr. 

All pulses except fem- 
orals absent in lower 
extremities; right 
femoral pulse mark- 
edly diminished; both 
feet coni with marked 
color changes pres- 
ent; nail absent (sur- 
gically) from 3rd 
right toe and a large 
ulcer present in the 
nail bed; calcification 
of larger arteries in 
lower extremities 
present by x-ray 

Right lumbar 
sympathec- 
tomy, Ls, La 

Ulcer healed promptly 
after operation; about 
50 per cent improve- 
ment in claudication 
time on right with 
less color changes; 
right foot is warm and 
dry; requests opera- 
tion on left side; not 
smoking 

XVIII 

N. W. 

34 

Migratory phlebitis, 
left leg; claudica- 
tion in left leg 
within 2-3 blocks 
of walking 

14 mo. 

Both feet cool and hy- 
perhidrotic; moder- 
ate color changes 
present in the left 
foot; both dorsalis 
pedis and posterior 
tibial pulses absent 
on left with retarded 
vein filling 

Left lumbar 
sympathec- 
tomy, Li, L.», 
Ls 

Early relief of claudi- 
cation and reversal of 
color changes; return 
of claudication after 
3 mo.; area of sweat- 
ing noted about the 
inner aspect of left 
knee; has never 
ceased smoking 
completely 

XIX 

A. Z. 

38 

Bilateral claudica- 
tion and swelling; 
color changes and 
ulceration of left 
foot 

3 yr. 

Gangrene of the tips 
of the 4th and 5th 
toes left foot; absent 
posterior tibial and 
dorsalis pedis pulses 
bilaterally; marked 
color changes and 
hyperhidrosis; left 
calf 2 cm. less in 
diameter than right 

Bilateral lum- 
bar sympa- 
thectomy, L;, 
L 3 , Li 

Prompt reversal of 
color changes and 
progressive loss of 
claudication; feet 
warm and dry; no 
change in pulsations; 
asymptomatic; not 
smoking 
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excellent progress noted initially after 
operation: 

Case xviii. Nathan W., a thirty-four year 
old white male, had received a medical dis- 
charge from the U. S. Navy in July, 1945 
because of phlebitis. He had been treated with 
paravertebral sympathetic block and ligation of 
the left saphenous vein. Upon discharge from 
the Navy he noted that he had severe cramping 
pain in the left calf after walking two or three 
blocks, and the physician whom he consulted 
suggested the diagnosis of thromboangiitis 
obliterans and advised him to cease smoking. 
Upon admission to this clinic positive physical 
findings were limited to the peripheral vascular 
system. Both lower extremities, especially the 
feet, were noted to be cool and hyperhidrotic. 
Moderate color changes were noted in the 
left foot on elevation and depression. The 
posterior tibial and dorsalis pedis arteries were 
impalpable on the left and the lower extremities 
exhibited decreased oscillometric readings. Vein 
filling in the left foot was noticeably retarded. 
Since paravertebral blocks, Li to L 3 , caused the 
left foot to become warm, dry and pink, with 
diminution of claudication time and since the 
usual medical therapy over a period of two 
months resulted in no clinical improvement, 
the patient was subjected to left lumbar sympa- 
thectomy. (Table i.) Immediate results were 
good. The patient was ambulatory after the 
fifth day and was gratified to note the progres- 
sive decrease in calf claudication and reversal 
of color changes. Although he professed to have 
stopped smoking, at no time did he cease for 
more than two or three days. Three weeks after 
operation he again began to complain of the 
left calf and an area of sweating was noted 
about the left knee. 

This case illustrates two facts which may 
detract from the otherwise good results of 
sympathectomy: One, of course, is the 
continued use of tobacco and the other is 
evidence of incomplete sympathectomy. 
However, it is our impression that the latter 
contributes little to the recurrences of this 
patient’s symptoms. 

That the superficial circulation in an 
extremity is enhanced after sympathectomy 
has been shown in excellent plethysmo- 
graphic studies by Abramson, 15 among 
others. However, it is not correct to infer 
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from such studies, as some have done, that 
augmentation of the superficial circulation 
occurs at the expense of the deep blood flow 
after sympathectomy. In fact, Goetz 16 using 
his exquisite digital plethysmographic tech- 
nic, has recorded changes in his patients 
indicating increase in deep blood flow after 
sympathectomy. Of his twenty-nine patients 
followed one to eleven years after operation, 
none showed any decrease in augmented 
blood flow achieved by sympathectomy. 
Using forearm plethysmography with cer- 
tain ingenious auxiliary technics, Barcroft 
and Edholm 10 in a recent report have con- 
cluded that blood flow in muscles of normal 
individuals is more than doubled by the 
release of sympathetic tone. In addition 
they reported that vasoconstrictor tone may 
gradually return to the blood vessels of 
sympathectomized subjects. The latter ob- 
servation is contrary to the experiences of 
Goetz and not in evidence in our own 
patients at this time. It may be that Bar- 
croft and Edholm are referring to the 
return of local vasomotor tone and not that 
mediated through sympathetic fibers.* In 
this latter opinion we concur. It has been 
our impression that the majority of patients 
suffering from thromboangiitis obliterans 
characteristically have high vascular tone. 
Protection of the young collateral circula- 
tion from vasoconstricting influences is of 
prime importance in the acute phase of this 
disease, and a permanent protecting influ- 
ence is obtained by interruption of the 
sympathetic pathways. 

As a rule the psychosomatic aspects of 
thromboangiitis obliterans have been given 
little attention in previous studies. Since 
this disease engenders so much economic 
debility with prolonged medical treatment, 
it is not remarkable that these patients often 
present a negative attitude and are inclined 
to be anxious and tense. That these func- 
tional expressions in turn may influence 
the speed of recovery and may initiate 
vasoconstricting stimuli to the extremities is 

* In a personal communication Professor Barcroft has 
clarified this point by stating that he refers to return of 
local vasomotor tone. 
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not beyond our comprehension of the 
integration of functional and organic disease. 
The effect of a chain of constrictor impulses, 
such as just mentioned, on the blood supply 
to a digit has recently been demonstrated by 
Goetz 10 in digital plethysmographic studies. 
Weiss 17 has reported on a case of psycho- 
genic peripheral vasospasm simulating or- 
ganic vascular disease and he was able to 
obtain complete reversal of symptomatology 
in his patient by appropriate psychotherapy. 
It is of interest to speculate on the course 
of the disease in Weiss’s patient if lie had not 
proven to be amenable to psychotherapy. 
To us, therefore, interruption of the path- 
ways carrying vasoconstricting impulses 
appears to be a good prophylactic measure 
in thromboangiitis obliterans when high 
vasoconstrictor tone is demonstrated. Since 
few reports previously written on this subject 
have contained a careful re-evaluation of 
patients at the end of two years, this scries 
of cases with such favorable early and late 
results is submitted to substantiate this 
statement. 

SUMMARY 

1. The methods of study, distribution of 
patients and results of sympathectomy in 
nineteen cases of thromboangiitis obliterans 
are discussed. 

2. Evidence supporting the view that 
sympathectomy increases deep blood flow 
to an extremity is reviewed. 

CONCLUSION 

Sympathectomy in properly selected cases 
of thromboangiitis obliterans causes early 
relief of symptoms as well as rapid re- 
habilitation of the patient, as noted in our 
two-year re-evaluation and follow-up. No 
deleterious effects resulting from this oper- 
ation have been noted in this series. The 
disturbances in sexual function that may 
arise because of the operative procedure 
have been discussed. 
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Consideration of Glomerular Nephritis in Its 
Relation to Sulfonamide Sensitivity" 

R. H. Rigdon, m.d., W. H. Siddon, m.d. and D. E. Fletcher, ph.D. 
Galveston, Texas Little Rock, Arkansas 


jk lthough the etiology in every case 
/\ of glomerular nephritis may not 
X be established, it is widely ac- 
cepted today that there is some relationship 
between steptococcus infections and glo- 
merular nephritis. A non-suppurative type 
of inflammatory reaction occurs within the 
kidney which according to Forbus 1 “is 
probably always secondary to some other 
pathological processes even though the 
primary affection may be so hidden as to 
remain undiscovered.” The experimental 
studies of Longcope and his associates 2,3 
and Long and Finner 4 suggest that the 
renal lesion results from a process of sensi- 
tization, or an allergic type of reaction. 

Experimental and clinical studies by 
many investigators have emphasized that 
sensitivity to sulfa drugs frequently occurs 
in man. The pathologic lesions that con- 
stitute this reaction indicate that it may 
occur in a variety of tissues, among which 
may be mentioned skin, blood vessels, 
heart, kidneys, liver, spleen and lungs. 5-9 
The similarity of this reaction to the sensi- 
tivity reaction produced by horse serum 
and certain chemical compounds has been 
pointed out. 5,10-12 

The specific nature of antigenic sub- 
stances is now well recognized and this 
characteristic depends upon their chemical 
composition. Immunologically active anti- 
gens may be produced by conjugating pure 
chemicals with animal serum proteins or 
other proteins. The specificity of the antigen 
depends upon the chemical radical and 
not upon the protein of the conjugated 
antigen. 12,13 It has been shown that follow- 


ing development of sensitization by repeated 
contact with certain chemicals, anaphylaxis 
may occur following further contact. 14,15 

The question arises, in this problem of 
sensitization, whether there is experimental 
or clinical evidence to indicate that if the 
serum of one person conjugates with a 
compound to form an antigenic substance, 
is it more likely that the serum of this same 
person will conjugate more readily with 
another compound to lorm a second anti- 
genic substance than will the serum of an 
individual who failed to conjugate with the 
first compound to form an antigenic sub- 
stance? In other words, is there evidence to 
indicate that an individual is more likely 
to become hypersensitive to a second anti- 
gen than a person who never showed any 
sensitization reactions? 

Rackemann 16 in 1945 asked the questions 
“What is the allergic individual? Why is it 
that only a few persons become clinically 
sensitive? How many patients who suffer 
from eczema in childhood develop other 
manifestations of allergy: hay fever in their 
teens, asthma in their twenties, or possibly 
migraine later on? Are those the same 
individuals who as they grow older mani- 
fest reactions to penicillin, to the sulfona- 
mide or perhaps get into trouble with 
dermatitis or industrial asthma? In other 
words, must we not regard the ‘asthmatic 
state’ as dependent upon a physiologic 
change and regard the ‘allergic individual’ 
as having something about him which is 
basic and fundamental and which last all 
through life.” 

Although hypersensitivity to a single 


* From the Departments of Pathology and Medicine, University of Arkansas School of Medicine, Little Rock, Ark. 
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antigen is the rule, we sometimes sec a 
patient who is sensitive to more than one 
antigen. More and associates 7 reported a 
case (No. 18) in which sulfa thiazclc “ap- 
peared to induce asthmatic attacks” in a 
patient who gave a history of asthma. 
Rackemann and Green 17 have observed 
eight cases of periarteritis nodosa associated 
with bronchial asthma and found a history 
of asthma in 8 per cent of 229 cases of peri- 
arteritis nodosa reported in the literature. 
Riemann and associates 18 observed peri- 
arteritis nodosa in two patients who had 
trichinosis and they suggested a relation- 
ship with the high degree of sensitivity that 
develops to the trichina antigen. Individu- 
als supposedly sensitive to horse scrum may 
react quite differently when small amounts 
of the same form of antisera derived from 
different animal species are injected intra- 
medially. 19 Nelson 20 observed that in a 
patient sensitized to sulfathiazole an acute 
febrile reaction may occur following ad- 
ministration of sulfadiazine and sulfapyri- 
dine. Rich 8,3 in his studies on periarteritis 
nodosa described eight cases in which this 
lesion was found at autopsy in patients who 
had hypersensitive reactions resulting from 
foreign serum and sulfonamide therapy. 
Rich 8 stated “that widely different sensitiz- 
ing antigens can be responsible for the 
development of the vascular lesions in dif- 
ferent patients. It is not improbable that 
bacterial antigens may be concerned in 
some cases.” Should one consider it merely 
a coincidence that of five of Rich’s patients 
who shortly before death had sensitivity 
reactions following therapeutic injections 
of foreign serum, four also had received 
sulfonamides? 

Any hypothesis as to the relationship of 
glomerular nephritis associated with a 
streptococcus infection and sulfa sensitivity 
may be difficult to establish either clinically 
or pathologically. However, a recent patho- 
logic study of three cases has emphasized 
the need to consider such a hypothesis. 
These cases also indicate the necessity for 
caution in use of the sulfa drugs when there 
is a history of sensitivity to any antigen. In 


two of these three subjects streptococci were 
isolated from the blood and cocci were 
demonstrated on the heart valves. Both 
patients had a progressive type of intra- 
capillary glomerular nephritis. The third 
patient gave a history of “flu” and swelling 
of many joints, petechiae, nausea, vomiting 
and severe anemia. Typical lesions of 
glomerular nephritis were present. In each 
of these three cases there were pathologic 
lesions similar to those resulting from 
hypersensitivity to sulfa drugs. 

CASE REPORTS 

Case i. The patient, a white female aged 
thirty-five years, was admitted to the University 
Hospital with the chief complaint of stiffness 
and pain in the joints “for four months.” This 
illness began with flu and involvement of the 
joints followed within a month. The right hip 
became stiff and soon thereafter all extremities 
were involved. The fingers were stiff and numb. 
The tendons along the dorsum of the hands and 
feet were painful and red streaks developed 
along these surfaces. The pain was severe 
enough to make the patient “feel like screaming.” 

The patient thinks there was a little fever at 
times. She had cpistaxis and spat up blood on 
several occasions. There was some shortness of 
breath and “smothering spells” following exer- 
tion. The heart was noted to beat fast at times 
and a sensation of “flutter” was observed over 
the precordium. 

Approximately' two months following onset 
of symptoms the patient said she was given 
“sulfa” for the “flu.” She developed nausea, 
vomiting, rash and dizziness following this 
course of therapy. Approximately one month 
later she developed an “awful cutting pain ’ in 
the chest. A sulfa drug was given the following 
day. Nausea and vomiting occurred. Only six 
tablets were taken. Ten day's later she developed 
itching of her fingers and feet. A rash developed 
on the hands, arms and lower extremities, which 
persisted for forty-eight hours. A few small 
nodules were observed by the patient on the 
skin about the elbows. These would appear and 
disappear according to the history. 

The patient said that she had been anemic 
since she was sixteen. An appendectomy was 
performed when she was twenty-five. Tonsillitis 
occurred during childhood; there was no history 
of rheumatic fever. There were two miscarriages 
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before she delivered a live child. A second baby 
was born eight months preceding onset of her 
present illness. There was a history of arthritis 
in two of her sisters whose ages were not given. 
There was no history of sensitivity in this 
patient. 

Upon physical examination the patient was 
observed to be apathetic and appeared ill. 
Pain occurred upon movement of the extremi- 
ties. There was neither swelling nor an increase 
in temperature of the joints. The heart was 
normal in size and the sounds were distant 
and weak. Nothing abnormal was noted during 
examination of the chest. The temperature was 
97.8°f., pulse, 84 per minute and respiration, 
20 per minute. The systolic pressure was 
115 mm. of Hg and diastolic was 75 mm. Hg. 

The specific gravity of four specimens of urine 
varied between 1.009 and 1.010. A few white 
blood cells and 6 to 1 5 red cells per high power 
field were present. Only a trace of albumin was 
found. The non-protein nitrogen was 200 mg. 
per cent four days preceding death. The total 
plasma protein at this time was 6.5 Gm. per 
cent with the A/G ratio 1.38. The creatinine 
was 4.7 mg. per cent. The day preceding death 
the non-protein nitrogen was 225 mg. per cent, 
creatinine 5.3 mg. per cent and blood sodium 
chloride 430 mg. per cent. The phenolsulfonph- 
thalein test was negative for dye in all samples. 

The patient was anemic on admission and 
two days later the red cell count was 1.51 mil- 
lion, hemoglobin 4.2 Gm. and the hematocrit 
reading was 14 per cent packed cells. Color 
index was 0.93 and the volume index 1.16. 
The white blood cell count was 18,050 and 
platelet count was 51,340. The reticulocyte 
count was 1.3 per cent while the icteric index 
was 5.6. Coagulation and retraction times were 
normal. 

A sternal bone marrow aspiration biopsy 
showed general hyperplasia. Cells of the ery- 
throcytic series were prominent, constituting 
about 30 per cent of the total nucleated forms. 
Polychromatophilic erythroblasts were con- 
spicuous by their presence. Several megakario- 
cytes were present. Several mitotic figures were 
seen which probably also indicate a hyper- 
plastic state of the tissue. These findings appar- 
ently do not fit into any definite pattern. The 
anemia was practically normocytic and normo- 
chromic. It was suggested that “the bone 
marrow was acted upon by some active depres- 
sant which was responsible for the anemia, and 
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Fig. 1. Case 1 . a, there is an increase in the number 
of cells infiltrating the mitral valve. Sometimes these 
cells are in small groups adjacent to the endocardial 
surface, b, the cells present in the mitral valve arc 
usually mononuclear; however, few polymorpho- 
nuclear leukocytes are present. No bacteria arc 
present; hematoxylin and eosin stain. 

our studies were made at a time when the 
hematopoietic tissue was in violent, but inef- 
fective, efforts of regeneration.” 

The patient remained in the hospital for 
eleven days during which time the joint pain 
persisted. The temperature was not elevated. 
She was given transfusions of whole blood on 
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Fig. 2. Case t. The walls of many of the blood vessels 
within the spleen arc edematous and fragmented. 
Portions of the vessel wall stain deeply with eosin. 
Some of the vessel walls have mononuclear and poly- 
morphonuclear cells infiltrating them; hematoxylin 
and cosin stain. 


several occasions and frequently reacted to them 
with slight chills and an elevated temperature. 

Pathologic examination revealed that the 
skin had a pale yellow color. Several petechiae 
were present in the skin over the buttocks. The 
serous cavities were filled with straw colored 
fluid, 1,000 cc. in the abdominal, 1,000 cc. in 
the right and 500 cc. in the left pleural cavity 
and 30 cc. in the pericardial sac. 

The heart weighed 300 Gm. A fine granular 
exudate covered the visceral layer of peri- 
cardium. A few petechiae were present in the 
endocardium, myocardium and pericardium. 
The right ventricle was moderately dilated. No 
gross lesions were observed in the endocardium 
although microscopically the mitral valve was 
infiltrated with a moderate number of mono- 
nuclear cells and a few polymorphonuclear 
leukocytes. (Fig. 1.) Small areas of fibrinoid- 
like tissue were present within the valve. 

The lungs were edematous and there were 
many areas of bronchopneumonia and also 
focal areas of fibrosis within the alveoli. There 
were areas of hemorrhage within the lung tissue. 
The liver weighed 1,850 Gm. The hepatic cells 
were swollen and there were small focal areas 
of fat within the liver tissue. 

The spleen weighed 230 Gm. There was an 
apparent increase in the number of mononuclear 
cells within the pulp. The walls of some of the 
smaller blood vessels were fragmented and 
fibrinoid tissue was present. Mononuclear cells 
and polymorphonuclear leukocytes infiltrated 
these vessel walls and the adjacent stroma. 
Sometimes this degenerative process appeared 



Fig. 3. Case i. a, there is a proliferation of cells within 
the tuft and many have polymorphonuclear leuko- 
cytes in the tuft and in Bowman’s space. Within many 
of the tufts are masses of a deep, cosin-staining ma- 
terial. Some of the glomeruli have many polymorpho- 
nuclear leukocytes and mononuclear cells infiltrating 
the wall and surrounding the entering arteriole; 
hematoxylin and eosin stain, b, some of the glomeruli 
arc partially fibrotic while others are completely 
fibrotic; hematoxylin and eosin stain. 

to involve the fibrous septa in the spleen. 
(Fig. 2.) 

There were several small ulcerated areas in 
the mucosa of the cecum and colon. The 
degenerative and inflammatory reaction ex- 
tended down into the submucosa. 

The combined weight of the kidneys was 
390 Gm. There were many petechiae in the 
cortex and also focal areas which appeared 
slightly yellow in color. Many of the glomeruli 
were completely fibrosed while others were 
partially scarred. (Fig. 3.) There was an increase 
in the cellular elements of the remaining tufts 
such as that observed in intracapillary glomeru- 
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lar nephritis. A few of the glomeruli showed a 
large number of mononuclear and polymorpho- 
nuclear leukocytes within the tuft. The wall 
of an occasional entering arteriole was infiltrated 
by similar cells. (Fig. 3a.) Red blood cells and 
leukocytes were present in Bowman’s space and 
they filled the lumen of many tubules. Albumin- 
ous casts were present in the lumen of the 
tubules; the epithelial cells lining the con- 
voluted portion of the tubules usually were low 
and stained deeply with hematoxylin. There 
were a moderate number of mononuclear cells 
infiltrating the stroma between the renal 
tubules. 

Anatomic Diagnosis: (History of sulfa therapy 
on two occasions with symptoms of hypersensi- 
tivity) ; periarteritis nodosa involving the arteries 
in the spleen; petechiae in endocardium, myo- 
cardium and pericardium; chronic inflamma- 
tory reaction in mitral valve; acute and chronic 
intracapillary glomerular nephritis; acute peri- 
carditis and acute ulcerations in area of cecum. 
(History of uremia); moderate dilatation of 
right ventricle; ascites, 1,000 cc.; hydrothorax, 
left 500 cc. and right 1,000 cc.; splenomegaly; 
ecchymosis of the left buttock; bronchopneu- 
monia; focal areas of chronic pneumonia. 

Comment : As far as is known this woman 
was in perfect health until she developed a 
pulmonary infection approximately four 
months preceding death. Subsequent to 
the first infection pain and swelling of the 
joints occurred. Sulfa was given on two 
occasions. Nausea, vomiting and petechiae 
of the skin occurred following the second 
course of therapy. When she entered the 
University Hospital eleven days before 
death, there was severe anemia and labora- 
tory findings indicative of renal failure. 

1 he inflammatory reaction involving the 
mitral valve certainly suggests an early 
acute rheumatic process. Necrosis and 
cellular reaction in the septa of the spleen 
are similar to the lesions described by More 
and associates 7 in patients showing sulfa 
sensitivity. Glomerular lesions, inflamma- 
tory reaction on the mitral valve and 
necrosis in the spleen, each suggest a hyper- 
sensitive reaction. The renal lesions accord- 
ing to the patients history developed within 
a period of four months. Usually hyper- 
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trophy of the left ventricle and hypertension 
occur in patients who live to be thirty-five 
years of age before developing renal insuffi- 
ciency when the nephritic process begins 
in childhood. The majority of glomeruli 
showed the typical lesions of glomerular 
nephritis. The few glomeruli that showed 
a fibrinoid material and an infiltration of 
leukocytes and mononuclear cells within 
the tuft reminded us of the similarity of this 
renal lesion to the vascular lesions in the 
spleen. 

Clinically, there was nothing to suggest a 
bacterial infection in this patient and 
furthermore nothing was found at autopsy 
to indicate an infection. Active glomerular 
lesions do occur in cases of chronic glomeru- 
lar nephritis; however, it is suggested that 
in this patient some of the glomerular 
lesions may have been a part of the hyper- 
sensitive reaction to the sulfa drugs. The 
mitral lesion at this time was more likely 
that of acute rheumatic fever; however, it 
is significant to find this variety of hypersensi- 
tive reactions in one individual. Recently 
one of us (R. H. R.) saw a case of sulfa 
sensitivity in a white female approximately 
sixty-five years of age. Acute arthritis with 
subsequent myocardial damage followed 
the skin manifestation of hypersensitivity 
within a period of two weeks. 

Case ii. The patient, a thirty-nine year 
old white male, was admitted to the University 
Hospital with a history of high fever and pain 
in the chest three weeks preceding time of death. 
Onset of this illness was two months previously 
at which time he became nauseated and vomited 
while at work. That night he thought that he 
had some fever. He was unable to work for a 
week; however, he returned to work the second 
■week although he was weak and lethargic. He 
had fever during this period. A month following 
onset of illness he was hospitalized and roent- 
genologic examination of the chest showed 
changes interpreted as “suspicious lesions that 
should be carefully watched.” The temperature 
was high and it spiked daily. There was an 
increase in the degree of shortness of breath. 
The patient noticed that his urine was blood- 
tinged. 
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On admission the patient was acutely ill. 
The temperature was 102.4°f., pulse 130 per 
minute, respiration 26 per minute and the 
systolic blood pressure 130 mm. Hg and the 
diastolic pressure 80 mm. Hg. The skin was hot, 
moist and pale. Respirations were chiefly 
abdominal in type. There was dullness over the 
right lower lobe and fine moist rales were 
present over both lungs. 

The urine contained a 2 to 4 plus albumin 
and two days before death many red blood cells 
were present. The non-protein nitrogen was 
100 mg. per cent three days preceding death. 
At this time the creatinine was 2.3 mg. per cent, 
plasma proteins 8.36 Gm. per cent, albumin 
3.09 Gm. per cent, globulin 5.27 Gm. per cent 
and the A/G ratio was 0.59. On admission 
there was anemia with only 2.62 million red 
blood cells and a hemoglobin of 58 per cent. 
The white blood cell count was 8,850. Both the 
red and white cell counts remained low in spite 
of several transfusions of whole blood. A non- 
hemolytic streptococcus was isolated from the 
blood stream ten days preceding death and a 
second positive culture was obtained a few days 
after the first. 

During the period of hospitalization a coarse 
presystolic and systolic murmur developed over 
the mitral area. Dilatation of the right and left 
ventricle subsequently occurred, accompanied 
by pulmonary and peripheral edema. Classical 
signs of right pleural effusion developed. 
Death followed an episode of acute respiratory 
difficulty. 

The patient, while in the University Hospital, 
was treated with large doses of penicillin. Sulfa- 
diazine was given only twice on the seventeenth 
day preceding death. No clinical reactions to 
the sulfa were noted. The patient had received 
sulfathiazole, however, approximately seventy 
days previously for a period of eight days. 

Pathologic examination revealed the follow- 
ing: There was a small amount of edema of the 
lower extremities; 1,000 cc. of straw colored 
fluid was present in the peritoneal cavity and 
800 cc. of a slightly turbid fluid was present in 
the right pleural cavity. 

The heart was large as a result of dilatation 
of both the right and left ventricles. The myo- 
cardium was pale and flabby. Multiple poly- 
poid vegetations arose from the auricular surface 
of the tricuspid valve; some of these were 2.0 cm. 
in diameter; they were soft and friable. There 
was nothing on the tricuspid valve or the other 


valves of the heart to suggest a lesion older than 
the acute endocarditis. Innumerable gram- 
positive cocci were embedded in the necrotic 
tissue of the valve. 

The right lung was atelectatic as a result of 
the presence of fluid in the cavity. Multiple 
infarcts were present in both lungs, these varied 
both in age and in size. Many of the branches 
of the pulmonary artery were occluded by 
infected emboli. 

The liver weighed 2,175 Gm. and showed 
the typical changes of chronic passive conges- 
tion. The spleen weighed 530 Gm.; it was soft 
in consistency. A few petcchiae were present in 
the mucosa of the gastrointestinal tract. His- 
tologically, the wall of several of the small 
arteries in the submucosa appeared coagulated 
and they were surrounded by a collection of 
inflammatory cells, mostly of the mononuclear 
variety. (Fig. 4a.) 

The kidneys together weighed 515 Gm. Many 
petcchiae were present in the cortex. There 
were small focal yellow areas throughout the 
cortex which represented tubular degeneration. 
The lumen of many of the tubules and some of 
the tufts were filled with red blood cells. There 
was a marked increase in the number of cells 
in the glomeruli which apparently were endo- 
thelial cells. Few leukocytes and mononuclear 
cells also were present in some of the glomeruli. 
An occasional glomerulus had either a fibrous 
adhesion or a proliferation of epithelial cells 
between its tufts and capsule. There was some 
edema of the interstitial tissue of the kidney and 
a moderate number of mononuclear cells were 
present. An occasional eosinophile was present 
in the interstitial tissue. 

Anatomic Diagnosis: (History of acute bacterial 
endocarditis due to a non-hemolytic streptococ- 
cus); acute bacterial endocarditis involving the 
tricuspid valve; dilatation of cavities of the 
heart; emboli in branches of pulmonary artery; 
multiple infected infarcts in both lungs; chronic 
passive congestion of viscera; ascites 1,000 cc. 
pleural effusion, right 800 cc.; atelectasis of 
right lungs; edema of lower extremities; acute 
splenic tumor; acute and subacute intracapillary 
glomerular nephritis; periarteritis nodosa in- 
volving arteries in colon; (history of sulfa 
therapy); atrophy of testicle; healed pulmonary 
tuberculosis; fibrous pleural adhesions. 

Comment: The patient was sick for ap- 
proximately three months with elevated 
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temperature and dyspnea. When admitted 
to the University Hospital three weeks 
preceding time of death, a non-hemolytic 
streptococcus was isolated from the blood 
on two occasions. There was severe anemia 
at this time and retention of non-protein 
nitrogen. The urine showed 2 plus albumin. 

The pathologic changes on the tricuspid 
valve were typical of acute bacterial endo- 
carditis. There was no evidence in this 
heart of an old rheumatic process; further- 
more, there was no history of such an 
infection. The kidneys were typical of the 
so-called intracapillary type of glomerular 
nephritis. The process was active as indi- 
cated by the presence of red blood cells 
within the lumen of many of the tubules. 
There were no embolic phenomena ob- 
served in any of the viscera except the lungs. 
Apparently all of the infected emboli were 
filtered out by the lungs. 

The lesions in the blood vessels of the 
colon were identical with those of peri- 
arteritis nodosa as described by Rich. 8,9 
No other pathologic changes were observed 
in the blood vessels to indicate a sensitivity 
reaction. The last dose of sulfa this patient 
received was sulfadiazine seventeen days 
before death. It would seem more likely 
that the intracapillary glomerular neph- 
ritis was associated with the streptococcus 
infection rather than with the sulfa therapy. 

Case m. The patient, a white female aged 
seventeen, was admitted to the University 
Hospital with a history of hematuria, nausea 
and vomiting and during the previous two days 
there were periods during which she was irra- 
tional. Ten weeks previously she stuck a nail 
into her foot. Home remedies were used for two 
weeks at which time she consulted a physician 
who gave her sulfa. The infection in her foot 
improved; however, she developed a cold and 
sore throat which necessitated bed rest'. During 
this time there was a backache and headache. 

Two weeks prior to the time of hospitalization 
she developed another cold, sore throat and 
fever. She was given two tablets of sulfa every 
four hours for twelve days. Nausea and vomiting 
cgan before this course of therapy was com- 
pleted. Two days before admission the urine 
was thought to contain blood and a few pete- 
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Fig. 4. a, this illustrates the typical periarteritis 
nodosa lesion which is present in the colon. No bacteria 
were demonstrated in this lesion; hematoxylin and 
eosin stain (Case n). b, a portion of the wall of this 
vessel in the kidney is necrotic. The vessel wall and the 
surrounding tissues are infiltrated with mononuclear 
cells; hematoxylin and eosin stain (Case in). 

chiae appeared in the skin over the breast. Two 
years previously an illness occurred charac- 
terized by hematuria, headaches and lumbar 
pain. Since this time, edema of the face had 
been observed in the mornings. 

On physical examination the systolic blood 
pressure was found to be 142 mm. Hg and the 
diastolic 90 mm. Hg, the pulse 92 per minute, 
respiration 24 per minute and the temperature 
100°f. Her face was edematous and she appeared 
anemic and acutely ill. Petechiae were present 
over the breast. Numerous small “moth eaten” 
areas were present in the retina. The nasal 
mucosa was ulcerated bilaterally. The heart 
was normal in size and a harsh systolic murmur 
could be heard over the entire precordium; it 
was loudest at the apex. 
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Fig. 5. Case in. a, Bowman’s space and the lumen of 
many of the tubules arc filled with red blood cells. 
The cells lining the convoluted portion of the tubules 
are cuboidal and stain deeply with hematoxylin. 
Collections of mononuclear cells, among which are 
eosinophiles, are present in the interstitial tissue; 
hematoxylin and eosin stain, b, the glomeruli show a 
marked proliferation of cells within the tuft. Essenti- 
ally all the glomeruli arc like this one; hematoxylin 
and eosin stain. 


During the ten days of hospitalization the 
specific gravity of the urine varied between 
1.010 and 1.020. There usually were 12 to 
20 red blood cells and 3 to 5 white blood cells 
per high power field. Red blood cell count on 
admission was only 2.44 million and hemo- 
globin was 68 per cent. White blood cell count 
was 16,550 with 82 per cent polymorphonuclear 
leukocytes, 1 per cent stabs, 14 per cent lympho- 
cytes and 3 per cent monocytes. The white 
blood cell count varied very little during the 
period of hospitalization. The red cell count 
increased following transfusions. On admission 
non-protein nitrogen was 168 mg. per cent and 
two days before death it was 167 mg. per cent, 
albumin 3.59 Gm. per cent, globulin 2.57 Gm. 
per cent, A/G ratio 1.40 and total protein 6.16 
Gm. per cent. On the day preceding death 


creatinine was 3.53 per cent, blood sodium 
chloride 402 mg. per cent and carbon dioxide 
combining power 64 volumes per cent. 

Three transfusions of whole blood and 20,000 
units of penicillin every three hours were given 
during the ten days that she remained in the 
hospital. A pericardial friction rub w-as observed 
the day preceding death and on the day of 
death the urine w-as grossly bloody. 

Pathologic study revealed the following; 
A few- petcchiac were present in the skin and 
there was some edema of the low’er extremities. 
Straw- colored fluid was present in the serous 
cavities, 2,000 cc. in the peritoneal cavity, 
200 cc. on each side of the thoracic cavity and 
100 cc. in the pericardial cavity. 

The heart was normal in w-cight and the 
cavities were dilated; the musculature was pale 
and flabby. There w-as an area of acute reaction 
over the surface of the right atrium. Large 
friable vegetations were present on the leaflets 
of the pulmonary valve. The infection had 
extended to the adjacent endocardium and into 
the pulmonary artery. Gram-positive cocci were 
present in the necrotic vegetations. Cultures 
w-crc positive for streptococcus viridans. 

The lumens of many of the branches of the 
pulmonary artery w-crc filled with infected 
emboli. Many infarcts were present in both 
lungs, these varied both in age and in size. 

The liver extended 4 fingerbreadths below the 
right costal margin and showed the changes 
typical of chronic passive congestion. The 
spleen w-cighed 765 Gm. and it w-as soft in con- 
sistency. Small groups of hematopoietic cells 
were present in the pulp. A few petechiae and 
a few- superficial ulcerations were present in the 
mucosa of the colon. 

The kidneys together weighed 1,000 Gm. 
They were pale and edematous. Focal areas of 
tubular degeneration and small hemorrhages 
were present in the cortex. The lumen of many 
of the tubules w-ere filled with red blood cells, 
casts and albumin. (Fig. 5a) All the glomerular 
tufts show-ed a marked increase in the number 
of endothelial-like cells. (Fig. 5b). An occasional 
fibrous adhesion w-as present between the tuft 
and Bowman’s capsule. The renal interstitial 
tissue was edematous and diffusely infiltrated 
w-ith mononuclear cells, some of w-hich were 
eosinophilic. The walls of some of the small 
blood vessels in the kidneys w-ere edematous, 
fragmented and necrotic. Mononuclear cells 
infiltrated the w-all of such vessels and extended 
out into the surrounding tissue (Fig. 4b.) 
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Anatomic Diagnosis: (History of nail wound 
of foot four months previous to death; sulfa 
therapy with hypersensitive reaction; nephritis 
with uremia); acute bacterial endocarditis 
involving pulmonary valve with extension to 
adjacent endocardium and into the pulmonary 
artery (streptococcus viridans); localized area 
of acute pericarditis over right auricle; multiple 
infected emboli in branches of pulmonary 
artery; multiple infarcts in both lungs which 
vary widely in size and age; dilatation of right 
ventricle; ascites 2,000 cc.; hydrothorax, bi- 
lateral 200 cc.; hydropericardium 100 cc.; 
splenomegaly (765 Gm.); acute and subacute 
intracapillary glomerular nephritis; acute ulcer- 
ative colitis (uremic); periarteritis nodosa in 
renal vessels with mononuclear infiltration of 
interstitial tissue of the kidneys; (hypersensitive 
reaction of sulfa); petechiae in skin and viscera; 
generalized lymphadenitis of superficial lymph 
nodes; chronic cystitis; chronic cervicitis. 

Comments: This girl apparently developed 
a streptococcus infection of the pulmonary 
valve as the result of the nail wound which 
occurred three months before death. She 
was treated with sulfa drugs on two oc- 
casions during this interval. No reaction 
occurred following the first course of sulfa 
therapy; however, when it was repeated 
approximately six weeks later, nausea, 
vomiting and petechiae occurred. 

On admission to the University Hospital 
nine days preceding the time of death the 
clinical and laboratory findings were con- 
sistent with the diagnosis of nephritis 
accompanied by uremia. The pathologic 
lesions were typical of acute bacterial endo- 
carditis involving the pulmonary valve. 
There was nothing to suggest either a 
previous injury to this valve or malforma- 
tion. The renal lesion was that of intra- 
capillary glomerular nephritis. The presence 
of red blood cells in the lumen of many of 
the tubules would indicate an active 
process. An interstitial reaction certainly 
occui s in both acute and subacute glomeru- 
ar nephritis as observed in the cases of 
nephritis associated with scarlet fever. 

e significant feature, however, of the 
interstitial reaction in this patient is the 
presence of eosinophilic mononuclear cells. 

rere were many groups of mononuclear 
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cells in the interstitial tissue. Such a reaction 
has been described by Lichtenstein and 
Fox , 5 French 6 and More and associates 7 in 
cases of sulfa hypersensitivity. The presence 
of periarteritis nodosa-like lesions in the 
interstitial tissue of the kidneys apparently 
supports the role that sulfa sensitivity may 
have played in this case. 

Glomerular and tubular lesions such as 
we have in this patient are similar to those 
accompanying streptococcus infection and 
are thought to be the result of sensitivity 
to this organism. The presence of peri- 
arteritis nodosa-like lesions in the inter- 
stitial tissue is indicative of a sensitivity 
reaction and in view of the frequency in 
which this lesion occurs following sulfa 
drugs it is suggested that in this case it is 
the result of the sulfa. 

This case is of interest also from the 
standpoint of the infrequency of strepto- 
coccus infections involving the pulmonary 
valve. In four of the five cases cited by 
Rogers endocarditis was acute . 21 Allen 22 
expressed the opinion that virulent organ- 
isms are more likely to produce acute lesions 
on the right side of the heart than avirulent 
ones. Streptococcus viridans usually pro- 
duces a subacute type of endocarditis; 
however, Held and Goldbloom 23 have ob- 
served cases in which they considered the 
lesion to be produced by streptococcus 
viridans and considered it to be acute. 

COMMENTS 

Our interest in glomerular nephritis and 
sulfa sensitivity resulted from the observa- 
tion that a majority of our patients showing 
hypersensitivity reactions, as observed at 
autopsy, also had glomerular nephritis. 
The total number of such cases, of course, 
is small; however, it will be of interest to 
determine if such a combination of lesions 
is merely a coincidental finding in these 
three patients. 

As a result of both experimental and 
clinical observations it is now widely ac- 
cepted that hypersensitivity to the strepto- 
coccus may manifest itself as glomerular 
nephritis, and hypersensitivity to sulfa 
drugs may manifest itself as an interstitial 
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renal lesion and periarteritis nodosa. The 
experimental studies of Rich and Gregory 21 
emphasize this problem of sulfa sensitivity 
and glomerular nephritis. Three of five 
rabbits given both horse scrum and sulfa- 
diazine developed acute glomerular neph- 
ritis. The similarity of the renal changes in 
these rabbits to the glomerular lesions 
observed in our three patients is obvious 
from their description: “There was con- 
densation of glomerular tufts with syncytial 
proliferation of the glomerular epithelium, 
hemorrhage in Bowman’s capsule and in 
the tubules and albumin and casts in the 
tubules . . . The attack was upon the 
glomeruli independent of the arterioles.” 
Hemorrhage in Bowman’s space and blood 
within the tubules were found frequently 
in our three human cases. In commenting 
upon the experimental renal lesions, Rich 
and Gregory 24 say that “the glomerular 
lesions in our rabbits are of the same nature 
as the fresh glomerular lesions described 
by Longcope and attributed by him to 
anaphylactic hypersensitivity.” 

The same type of sensitivity reaction in 
blood vessels may occur following adminis- 
tration of horse serum, sulfa drugs and 
certain chemical compounds . 10,12 In our 
first case it is interesting to observe the 
type of reaction within the glomeruli and 
that in the wall of the blood vessels in the 
spleen and in the mitral valve. In each of 
these three sites mononuclear and poly- 
morphonuclear cells were present and also 
there were small focal areas of deep eosin- 
staining fibrinoid-like tissue. Our attention 
would not have been attracted to this 
glomerular change if there had not been 
both a clinical history of sulfa sensitivity 
and pathologic lesions elsewhere in the body 
consistent with hypersensitivity. The pa- 
thologic changes in the mitral valve would 
suggest an acute rheumatic lesion. How- 
ever, Clark and Kaplan 25 observed a similar 
inflammatory process in the valves of a 
patient who died as the result of serum 
sickness. It is widely accepted at this time 
that acute rheumatic fever is the result of 
a hypersensitivity reaction. It is suggested 
that a similar lesion may occur in the 


valves of the heart as a result of sulfa 
sensitivity, as has been described by Leary 20 
in acute rheumatic endocarditis and Clark 
and Kaplan 25 in scrum sickness. Friedberg 
and Gross 27 reported four cases in which 
periarteritis nodosa and rheumatic heart 
disease were associated. In one of these 
cases there were “glomerular lesions re- 
sembling those of subacute diffuse glomeru- 
lonephritis of the intracapillary type.” In 
discussing these two processes they state: 
“In both instances one is dealing with a 
disease of unknown etiology. Both have 
been considered by definite groups of 
investigators to be the expression of an 
allergic reaction in a person sensitized to 
more than one agent rather than the result 
of infection by one specific organism.” It 
would be of considerable interest at this 
time to know if these patients with peri- 
arteritis nodosa associated with rheumatic 
heart disease received any of the sulfa drugs. 

Lichtwitz 28 has expressed the opinion 
that glomerular nephritis occurs infre- 
quently with rheumatic fever. He says 
“though vascular allergy is an important 
feature of rheumatic pathology, glomeru- 
lonephritis, which frequently is an allergic 
disease, occurs in rheumatic fever so rarely 
as to suggest that the rheumatic attack on 
the joints or on the heart precludes a like 
attack on the kidney.” 

Cases ii and ill are similar in that both 
had acute bacterial endocarditis on the 
right side of the heart produced by strepto- 
cocci. The glomerular lesions were identical. 
In each case there was evidence of peri- 
arteritis nodosa. Both patients were treated 
with sulia drugs. From these two cases one 
cannot determine with any degree of 
certainty the role played by either sensi- 
tivity to the streptococcus or sensitivity to 
the sulfa therapy; however, it is interesting 
to find evidence of sensitivity to sulfa in 
these two cases of intracapillary glomerular 
nephritis. There also is evidence of sensi- 
tivity and intracapillary glomerular neph- 
ritis in Case i. It is suggested that care 
should be used in administering any of the 
sulfa drugs to patients who have a history 
of allergy; furthermore, the three cases 
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reported in this paper should emphasize its 
possible effect in cases of glomerular neph- 
ritis. Williams and associates 29 treated a 
small group of patients with acute glomeru- 
lar nephritis with sulfanilamide in 1943 and 
concluded that their results were most 
satisfactory. Murphy and Wood 30 likewise 
obtained good results by treating a small 
group of patients with acute glomerular 
nephritis with sulfonamides. There is no 
record in the aforementioned studies that 
the patients had received sulfa previous to 
this treatment for nephritis. It may be 
shown subsequently that only a small per- 
centage of patients with glomerular neph- 
ritis develop periarteritis nodosa; however, 
this relationship apparently deserves further 
study. ' 

SUMMARY 

Three cases are reported of glomerular 
nephritis in which there were other patho- 
logic lesions similar to those reported in 
cases of sensitivity to sulfa drugs. In two of 
these streptococcic endocarditis was present 
on the right side of the heart. Since glomer- 
ular nephritis is considered to be the result of 
a sensitivity reaction, the problem of use of 
sulfa drugs in diseases resulting from hyper- 
sensitivity is discussed. It is pointed out that 
a patient who becomes sensitized to one 
antigen may also become sensitive to a 
second antigen. Because of this, sulfa drugs 
should be used more carefully. 
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S triking advances in surgery and 
radiotherapy coupled with improved 
diagnosis of early malignancy have 
markedly reduced the mortality in malig- 
nant disease in recent years. 1 However, the 
majority of patients with cancer can be 
offered only palliation, usually in the form 
of nursing care, non-specific supportive 
measures and analgesics. The magnitude of 
the responsibility which the medical pro- 
fession faces in this connection is indicated 
by the estimate that there arc now more 
than 800,000 eases of malignancy in the 
United States and that 185,000 persons die 
of cancer in this country every year. 2 It has 
been further calculated that only 20 per 
cent of persons with malignant disease are 
salvaged for five years by the current 
methods of therapy. The need for a therapeu- 
tic approach to malignancy in addition to 
surgery and radiotherapy is apparent. 

Purgation, irrational diets, blood-letting, 
escharotic pastes, heavy metals, snake 
venoms and hundreds of other ineffectual 
therapeutic regimens have been used in the 
past in the management of disseminated 
malignant disease. Critical laboratory and 
clinical evaluations of these measures have 
revealed their uselessness or even harmful- 
ness and they have been largely discarded. 

In the past forty years, however, there 
has been ever increasing research activity in 
the field of cancer chemotherapy. The rate 
at which advances have been made in this 
branch of experimental therapeutics in the 
past decade has been so rapid that it seems 
justifiable to anticipate, with guarded 
optimism, an entirely new therapeutic 


approach to the problem of disseminated 
malignant disease. 

It is the purpose of this paper to assemble 
the evidence that is available concerning a 
number of carcinolytic agents. It is hoped 
that a review of this subject will clarify the 
indications for certain chemotherapeutic 
agents of demonstrated value, and also 
provide a general background which may 
be useful in evaluating the significance of 
advances yet to be made. 

PRODUCTS OF MICRO-ORGANISMS 

Background and Rationale. During the 
past eighty years there has been continuous 
investigation of the effects on malignant 
cells of products of micro-organisms. In 
1868 Busch 3 reported on the dramatic 
regression of inoperable sarcomas in two 
patients coincident with an erysipelas in- 
fection. At this time the organism pro- 
ducing erysipelas had not yet been isolated 
so that efforts by Busch to produce ery- 
sipelas in other patients with malignant 
disease were unsuccessful. Following his 
demonstration of a streptococcus as the 
cause of erysipelas, Fehleisen 1 injected cul- 
tures of these living organisms for the treat- 
ment of human cancer with encouraging 
results. 

The experimental studies on bacterial 
products as carcinolytic agents was insti- 
tuted by Spronck in 1892. :> Injecting sterile 
filtrates of “Streptococcus erysipelas” into 
dogs with spontaneous malignant tumors, 
he observed degenerative changes in a 
majority of the tumors. Beebe and Tracy 
in 1907 6 extended the experimental in- 
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vestigations by using bacterial filtrates 
prepared from cultures of Bacillus coli 
communis, Staphylococcus pyogenes au- 
reus, “Str. pyogenes” and B. prodigiosus, 
studying their effects on transplanted lym- 
phosarcoma in dogs. Their results were 
provocative, in that softening of the tumors 
was noted frequently and occasional tumors 
regressed completely. In the succeeding 
quarter of a century there was little ex- 
perimental activity in this approach to 
tumor chemotherapy, but interest was 
revived by the report of Gratia and Linz in 
1931. 7 These investigators had been study- 
ing the Shwartzman phenomenon under 
a variety of conditions and were impressed 
by the tissue localization which could be 
achieved by appropriate technic. They 
injected bacterial filtrate from B. coli 
directly into transplanted liposarcoma in 
guinea pigs. Twenty-four hours later the 
same filtrate was injected intravenously, 
following which they observed extensive 
hemorrhage and necrosis in the tumor 
masses but not in other tissues. In another 
series of experiments they discovered that 
it was not necessary to inject the filtrate into 
the tumors inasmuch as the same violent 
intratumor reaction occurred following in- 
travenous injection alone. In the next year 
Shwartzman and Michailovsky 8 reported 
that parenteral administration of a filtrate 
of meningococcus culture produced the 
same specific changes in mouse sarcoma 
180 noted by Gratia and Linz. These ob- 
servations were confirmed by Shear. 9,10 

Following parenteral injection of a potent 
antitumor bacterial filtrate, progressive 
hemorrhage with histologic evidence of 
tumor disruption during the first twenty- 
foui hours was noted. At this time, how- 
ever, most of the malignant cells appeared 
viable. After twenty-four hours extensive 
necrosis of neoplastic cells was apparent. 
Gross observation showed the formation of 
a dry hemorrhagic scab with a surrounding 
zone of apparently active growth. In the 
course of seven to ten days the necrotic 
material sloughed leaving a bed of granula- 
tion tissue which in many instances went 
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on to complete healing. Microscopically, 
there was a sharp line of demarcation be- 
tween necrotic tumor cells and actively 
proliferating cells. In the course of the week 
after injection all tumor cells within the 
necrotic circle became poorly stained or 
fragmented and disappeared. 11 

Shear and his associates 12,13 subsequently 
demonstrated that a filtrate of Serratia 
marcescens (B. prodigiosus) cultures is also 
a potent agent, inducing hemorrhage and 
necrosis in subcutaneous mouse carci- 
nomas. Over a period of several years they 
fractionated and purified this material 
until an extremely active preparation was 
obtained which produced tumor hemor- 
rhage and necrosis when injected into mice 
in dosages as small as 0.1 microgram. 14 
The highly purified fraction has been 
characterized chemically and has been 
found to be a polysaccharide. 15 Shear and 
his co-workers have explored with thorough- 
ness the potentialities and limitations of the 
hemorrhage-producing bacterial polysac- 
charide in the chemotherapy of experi- 
mental neoplasms. From their reports 10 it 
can be concluded that the polysaccharide 
produces specific changes in a variety of 
tumors, including both transplanted and 
primary sarcomas as well as primary car- 
cinomas. The toxicity of the polysaccharide 
was found to be greater in tumor-bearing 
mice than in normal animals, and the 
toxicity in the tumor mice was directly 
related to the size of the neoplasm being 
treated. Thus, it was demonstrated that the 
lethal effect in these mice was due to hemor- 
rhage and necrosis in the tumor with 
secondary absorption of toxic products from 
tumor breakdown in addition to primary 
polysaccharide toxicity. It was noted further 
that some portion of the neoplasm almost 
invariably escaped destruction and that 
areas of tumor unaffected by the initial 
dose were resistant to the action of subse- 
quent doses. In the few instances in which 
the entire tumor was involved in the hemor- 
rhagic and necrotic process the animals 
developed signs of severe intoxication fol- 
lowed by shock and death. 
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Besides the observation that many species 
of bacteria are capable of elaborating sub- 
stances which induce hemorrhage and 
necrosis in tumors, attention has been 
called to the fact that spirochetes causing 
relapsing fever (Borrclia rccurrcntis) 17 and 
tick fever (Bor. duttoni) 18 produce regres- 
sive effects in experimental tumors. Of 
particular interest because of its current 
clinical application, is the work of Roskin 
and his collaborators. 19-21 These workers 
undertook a systematic study of the influ- 
ence of various infections and toxins on 
transplanted cancer. They finally selected 
Schizotrypanum cruzi because they found 
that in mice the spirochete localized and 
proliferated chiefly in certain organs rather 
than in the blood stream, resulting in a 
more chronic course than was obtained with 
other experimental infections. They ob- 
served that when mice were infected with 
S. cruzi and at the same time inoculated 
with Ehrlich carcinoma the development 
of both the infection and the tumor was 
depressed as compared with control groups 
of mice. The natural course of simultaneous 
infection and malignancy in mice was a 
gradual increase in the infection with 
eventual death of the animals; in the 
terminal stages of the infection the tumor 
either markedly regressed or disappeared. 
From these experiments they concluded 
that the trypanosome infection exerted an 
antagonistic action on mouse cancer. How- 
ever, since it was considered possible that 
the carcinolytic effect thus observed was a 
result of deprivation of nutrient substances 
necessary to the malignant cells due to 
exhaustion of the host by the overwhelming 
infection, studies were undertaken to avoid 
this complication. In a series of experiments 
it was reported that heat killed S. cruzi 
suspended in plasma or saline exhibited a 
marked inhibitory and lytic effect on the 
experimental tumor without producing 
histologically recognizable damage to nor- 
mal structures. 

The experimental observations of Roskin 
have been supported by Malisoff who re- 
ported that “whole culture lysates’ 1 of 
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Trypanosoma cruzi had regressive effects on 
experimental tumors. 22 However, Hauschka 
and his associates, 23 - 26 using eight strains of 
T. cruzi including those employed by 
Roskin and Malisoff, could demonstrate no 
significant retardation of the growth of five 
experimental malignant neoplasms. The 
carefully controlled and exhaustive study 
of these investigators constitutes formidable 
evidence against the existence of a carcino- 
clastic endotoxin in T. cruzi. 

Cohen ct al. have studied the effects of a 
variety of microorganisms, including three 
strains of T. cruzi, on the growth of tumor 
cells in vitro with negative results. 27 

Mechanism oj Action. The mechanism of 
the production of hemorrhage and necrosis 
in various neoplasms by a variety of bac- 
terial filtrates is not altogether clear. In 
order to understand the experimental evi- 
dence which has been gathered on this 
point it is necessary to review briefly two 
reactions of hypersensitivity, the Arthus 
phenomenon and the Shwartzman-Hanger 
phenomenon. 

In 1 903 Arthus 28 published the results of 
experiments on rabbits which had received 
repeated parenteral injections of ordinarily 
non-toxic foreign protein. When after a 
variable period ranging from ten days to 
months or even years a subcutaneous in- 
jection of the same foreign protein was 
given, there followed hemorrhage, edema 
and finally, in the course of about two 
days, necrosis with the formation of a 
sterile abscess at the site of injection. Sub- 
sequently, it has been demonstrated that 
any organ or tissue of a sensitized animal if 
brought into contact with the specific anti- 
gen will . exhibit a violent inflammatory 
response. There is ample evidence that the 
Arthus phenomenon is an expression of 
local anaphylaxis, that is, the response to 
the local reaction of antigen and tissue 
antibody. 29 

Shwartzman and Hanger working inde- 
pendently published almost simultaneously 
the results of experiments on local skin 
reactivity elicited in' a different fashion. 30. 
They observed that when certain bacterial 
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filtrates (chiefly culture filtrates of gram- 
negative organisms) were injected into the 
skin of normal rabbits, and this was fol- 
lowed in from four to forty-eight hours by 
an intravenous injection of the same or 
different filtrates, an intense skin reaction 
occurred at the site of the original skin 
injection. The local site at first became 
hemorrhagic and in a majority of cases 
necrosis followed. The mechanism of- local 
tissue reactivity to bacterial filtrates cannot 
be stated with precision. Evidence has been 
gathered to show that it is not due to local 
blockade of reticulo-endothelial cells and 
is not due to inflammation or to increased 
capillary permeability . 32 It therefore be- 
comes necessary to assume that the reac- 
tivity is due to some functional disturbance 
in the cells induced by a variety of, but not 
all, bacterial filtrates. Further, the injury 
can be inflicted on the reactive cells only 
when the provocative material is present 
in the general circulation. 

There are several striking differences 
between the Shwartzman-Hanger phe- 
nomenon of local tissue reactivity and the 
Arthus phenomenon of local anaphylaxis: 
In the former the incubation period neces- 
sary to elicit the local skin reactivity is about 
twelve hours and no response can be pro- 
duced if the local and intravenous injections 
are separated by more than forty-eight 
hours, whereas the incubation period for 
local anaphylaxis is about ten days and 
sensitivity lasts for months or years. Also 
the Arthus phenomenon is highly specific 
in that the antigen used to sensitize the 
animal must also be used to elicit the re- 
sponse; in contradistinction, culture filtrates 
of unrelated organisms can serve in demon- 
stration of the Shwartzman-Hanger phe- 
nomenon. Whereas any antigenic substance 
can elicit local anaphylaxis, the local skin 
reaction can be produced only by certain 
bacterial filtrates. Finally, the Shwartz- 
man-Hanger phenomenon cannot be trans- 
ferred passively. 

From the foregoing discussion it is im- 
mediately apparent that the hemorrhage 
and necrosis occurring in malignant tumors 
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following intravenous administration of an 
appropriate bacterial filtrate is not related 
to local anaphylaxis, inasmuch as there is 
no evidence to indicate that the various 
bacterial toxins are identical with any 
potentially antigenic constituent of neo- 
plastic cells. 

The relationship of the toxin-induced 
tumor reaction and the Shwartzman-Hanger 
phenomenon would appear to be close and 
yet there may be some fundamental differ- 
ences. In this latter connection it is to be 
noted that hemorrhage and necrosis in 
tumors may be induced by intravenous or 
intraperitoneal injection of a bacterial filtrate 
without preliminary introduction of the 
material locally. This apparent fundamental 
difference in the two phenomena was in- 
vestigated by Duran-Reynals 33 who ex- 
plored the possibility that the tumors had 
been appropriately sensitized due to sec- 
ondary bacterial infections in tumor-bearing 
animals. He found, however, that tumors 
without previous bacterial infection reacted 
strongly to the effect of active bacterial 
filtrates. Gratia and Linz assumed that the 
state of reactivity of tumors was related to 
the hypothetical virus inducing tumor for- 
mation. This is difficult to accept inasmuch 
as no virus has been identified in tumors in 
which one obtains the reaction. In addition 
the Shope papilloma, which is apparently 
produced by a virus, remains totally resist- 
ant to the effects of the active bacterial 
principles. Further conclusive evidence 
against this hypothesis is afforded by the 
fact that tumors induced by local applica- 
tion of carcinogens are susceptible to the 
bacterial filtrate reaction. The possibility 
has been considered that rapidly proliferat- 
ing blood vessels of neoplasms are more 
susceptible to the injurious effects of bac- 
terial substances than the blood vessels of 
normal tissue. Support of this hypothesis is 
provided by the fact that the active princi- 
ples of bacterial filtrates which elicit the 
dramatic effect on tumors produce no 
demonstrable effect upon the blood vessels 
and tissues remote from the tumor . 34 
However, it is difficult to explain why such 
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strong capillary poisons as gold chloride 34 
or histamine 35 fail to affect the neoplasm 
while in the same animal their charac- 
teristic action on normal capillary beds is 
demonstrable. Also various granulomas, 
teratomas and all benign neoplasms which 
may have rapidly proliferating vascular 
channels arc totally resistant to the active 
principles. 33,3G 

It must be concluded that the tumor reac- 
tion and local skin reaction of Shwartzman 
and Hanger arc related to the inherent 
toxicity of active principles contained within 
or obtained from bacterial filtrates. There 
are obvious differences between the two 
reactions but the fact that there is a definite 
correlation between the ability of a filtrate 
of a given micro-organism to elicit the 
phenomenon of local tissue reactivity in 
rabbits and the inhibiting effect of this same 
filtrate upon experimental tumors 14 argues 
for closely related mechanisms. 

Clinical Application. The extensive ex- 
perimental investigation of the tumor-in- 
hibiting action of bacterial filtrates stemmed 
from the clinical observation of Busch 3 as 
has already been mentioned. The major 
advocate of this form of therapy was 
Coley, who started treating malignancy in 
this way in 1891 and was still reporting the 
results of therapy at the time of his death 
in 1935. 37 ' 38 The published clinical evidence 
on the use of bacterial filtrates has recently 
been compiled 39 from the time that Coley 
utilized the mixed toxins from “S. erysipelas” 
and B. prodigiosus until the introduction 
of the highly purified and potent polysac- 
charide obtained from culture filtrates of 
S. marcescens by Shear. It is difficult to 
assess with any confidence the significance 
of toxin therapy in the reported results 
because in a large proportion of the cases 
therapy with toxin was combined with 
surgery or x-radiation. 

Although we are unable to evaluate toxin 
therapy satisfactorily during the period 
from 1892 to 1935, we can inquire why it 
was not more popular and why since 1942 
no commercial preparation of bacterial 
toxins has been available. Seven years after 


Coley instituted toxin therapy with a mixed 
filtrate of “S. erysipelas” and B. prodigiosus 
(Serratia marcescens), a toxin product from 
the same organisms was commercially 
prepared. On the basis of clinical observa- 
tion Coley was convinced that the com- 
mercial preparation was far less potent than 
the mixed toxins which he had been using. 
Coley and a few other clinicians used a 
more stable and more potent preparation 
made by Tracy. 40 However, the majority 
of physicians who attempted chemotherapy 
of malignancy with “Coley’s fluid” had only 
relatively impotent commercial prepara- 
tions available. It would therefore appear 
that one factor to account for the discon- 
tinuance of bacterial filtrate therapy was 
the high variability in the potency of the 
therapeutic agent. Also since the experi- 
mental evidence on the inhibition of tumors 
by bacterial filtrates was scanty, the impor- 
tance of bringing the toxin into contact 
with the neoplasm via the general circula- 
tion was not appreciated. Even the chief 
advocate of toxin therapy, Coley, ad- 
ministered the mixed toxins either into the 
tumors directly or intramuscularly. Finally, 
an important deterrent to the general 
acceptance of toxin was the marked systemic 
reaction which occurred in most patients 
treated. This consisted of a chill followed 
by a temperature elevation of 102° to 104 F. 
The fever persisted from twenty-four hours 
to four days. According to the description 
of Fowler, 41 when hemorrhage and necrosis 
occurred in neoplasms with extensive dis- 
tribution there was evidence of hemolysis 
in the general circulation, presumably as a 
result of absorption of toxic products of 
tumor breakdown. 

More recently Brues and Shear reported 
on the toxic reactions to bacterial filtrates. 
Using the highly purified and potent 
tumor-inhibiting polysaccharide from S. 
marcescens, these investigators treated (by 
intramuscular injections) four patients with 
advanced malignancies (prostatic carci- 
noma, lymphosarcoma, multiple myeloma 
and Ewing’s sarcoma). All of these patients 
died with tumors. Two patients showed 

AMERICAN JOURNAL OF MEDICINE 



Chemotherapy of Malignancy — Gellhorn, Jones 1 93 


noteworthy relief of symptoms; two patients 
showed evidence of hemorrhage in tumors 
at necropsy although it was not possible to 
decide whether this finding was related to 
treatment. The patient with multiple mye- 
loma showed no evidence of any effect of 
this agent on the course of the disease. More 
significant than the fact that therapy was 
disappointing were the toxic manifestations 
induced by the drug. In all instances there 
was an initial chill followed by fever as 
high as 107°f. A prolonged period of hypo- 
tension occurred, sometimes with anuria 
and cardiac decompensation. There was 
an elevation in the blood uric acid and 
increased uric acid excretion in two patients 
which was considered to be suggestive 
evidence of tissue breakdown. It is of inter- 
est that the chemical evidence of possible 
rapid breakdown of nitrogenous substances 
occurred in the two patients who also had 
symptomatic relief from therapy. Hollo- 
man 43 and Oakey 44 have extended the 
clinical observations on the effect of the 
polysaccharide from S. marcescens. Their 
studies differed from those of Shear and 
Brues in that the polysaccharide was in- 
jected intravenously. Essentially the same 
manifestations were observed following in- 
travenous injection of the polysaccharide 
as after intramuscular injection. These in- 
cluded hyperpyrexia to as high as 108. 4°f., 
hypotension to shock levels, leukocytosis 
and frequently pain in the region of the 
tumor. The hypotension was apparently 
due to vasodilation and was best controlled 
by administration of epinephrine. 

Included in the seventeen patients treated 
by Holloman and Oakey were cases of 
sarcoma (of both soft tissue and bone), 
malignant lymphoma (Hodgkin’s disease 
and lymphosarcoma), malignant melanoma 
and leukemia. In a number of instances 
serial biopsies were taken, and these dis- 
closed intratumor hemorrhage in every 
instance. Although multiple injections of 
polysaccharide were employed in several 
of the patients, none of them was followed 
sufficiently to evaluate the efficacy of 
therapy, the primary objective of the in- 
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vestigation being to study the toxicity of 
the drug. 

At the present time there is inadequate 
information available on the application of 
S. cruzi endotoxin in the therapy of human 
neoplastic disease. Klyueva 45 recently briefly 
summarized the results of treatment in 
nineteen patients with carcinoma of the 
larynx, carcinoma of the cervix, carcinoma 
of the breast and carcinoma of the lip. 
Injections of the endotoxin, which is called 
KR (Klyueva-Roskin), by the subcutaneous, 

. intramuscular or intratumor route were 
followed by pain at the site of the malig- 
nancy. After a variable period of time there 
was disintegration of the neoplasm with 
localized suppuration. Since the author 
does not provide details of the follow-up, it 
is impossible to evaluate the results ob- 
jectively. Klyueva reports a favorable re- 
sponse in the majority of patients. 

Comment. The foregoing comments indi- 
cate the extensive investigations which 
have been carried out on the effects of 
microbial products on neoplastic disease. 
From the experimental observations there 
can be no doubt that profound alterations 
of malignant cells may be induced by these 
products. It is clear that their application 
in human neoplastic disease for the present 
is hazardous and of doubtful efficacy. The 
preparations which have been used are still 
in a relatively crude state, however, and 
it is possible that further fractionation and 
precise chemical characterization will lead 
to elimination of the components which 
produce toxic reactions and also to further 
concentration of the active carcinolytic 
principles. 

ANTIRETICULAR CYTOTOXIC SERUM 

Background and Rationale. The significant 
contribution of the reticulo-endothelial sys- 
tem in cellular and humoral immunity is 
well established. There are also other 
physiologic mechanisms in which this sys- 
tem participates. These include (1) ery- 
throcyte phagocytosis and the metabolism 
of hemoglobin and bile; (2) repair and re- 
generation of tissues and (3) lipoid storage 
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metabolism. Of particular interest in con- 
nection with this discussion is the evidence 
for the part played by the rcticulo-cndo- 
thelial system in limiting neoplastic growth. 

There arc at least two types of study 
which circumstantially implicate the rc- 
ticulo-cndothclial system as an important 
deterrent to neoplastic growth and de- 
velopment.'" 5 Morphologic examination of 
this widespread system in experimental 
tumor-bearing animals has revealed a 
marked hypertrophy under certain circum- 
stances, particularly of the elements in the 
liver and spleen. This is manifested by 
proliferation of histiocytes and Kupffcr 
cells in the liver and by reticular hyper- 
plasia of the spleen. It would also appear 
significant that a correlation exists between 
the reaction of the follicular elements of the 
spleen in animals treated with chemical 
carcinogens and the incidence of tumor 
production in these animals. In refractory 
animals there is marked hyperplasia of 
follicles and of reticuio-cndothclial elements 
whereas in those animals in which a malig- 
nancy is produced follicular aplasia of the 
spleen is noted. 17 In addition to these 
histologic findings the gross anatomy of the 
spleen has been found to be abnormal inas- 
much as hypertrophy resulting in an in- 
creased weight of the organ has regularly 
been observed in animals bearing various 
types of neoplasms. 48-50 It has been further 
demonstrated that splenic hypertrophy can 
also be induced in animals by means of 
injections of blood derived from animals or 
humans with malignancy. 51 Recently this 
has been employed as a diagnostic test. 52 
Splenic hypertrophy in experimental ani- 
mals with tumors is interpreted as an 
expression of a physiologic defense mech- 
anism. It is noteworthy in this regard 
that malignant tumors rarely metastasize 
to the spleen, a fact which is striking in view 
of the rich supply of blood and lymph 
vessels to this organ and its anatomic prox- 
imity to gastrointestinal organs which are 
so frequently affected by malignancy. In a 
survey of 580 autopsies of cancer patients 
only 3.2 per cent showed splenic metastases. 53 


When the function of the reticulo- 
endothelial system is depressed, either by 
splenectomy or by functional impairment 
of the elements caused by loading them 
excessively with certain colloids, there ap- 
pears to be stimulation of tumor develop- 
ment and growth. Thus, Andcrvont 34 
demonstrated that when mouse tumors were 
grafted to mice of another strain they grew 
far better and faster if the recipients had 
previously been injected with trypan blue. 
Similar observations have been made with 
chemically induced tumors: the develop- 
ment and growth of tumors due to coal tar 
or di benzanthracene were found to be 
accelerated and increased in splcnectomizcd 
mice as compared with the response in 
control animals. 5 ’’ 

However, it is impossible to accept with- 
out question the hypothesis that the cells of 
the reticuio-cndothclial system elaborate 
some principle which possesses growth- 
inhibitory and/or lytic properties for neo- 
plastic cells. It is, for example, difficult to 
reconcile with the alleged carcinoclastic 
activity of the reticuio-cndothclial system 
the characteristic infiltration of lymph 
nodes, liver and spleen by the malignant 
lymphomas. Also it has been demonstrated 
that tumors and spleen can be cultivated 
in the same tissue culture medium without 
significant depression of the growth rate or 
characteristics of either tissue. 

Historically, the development of anti- 
reticular cytotoxic scrum stems from the 
teaching of Mctchnikoff which emphasized 
the pharmacologic principle that small 
doses of a toxic drug may stimulate cell 
functions rather than depress them. Metch- 
nikoff reasoned that it should be possible 
to stimulate the function of a tissue by ad- 
ministration of small doses of antiserum 
specific for the tissue. Parenthetically, it is 
to be noted that in the light of present day 
knowledge of mechanisms of drug action 
the pharmacologic principle enunciated 
by Metchnikoff is increasingly difficult to 
defend. Bogolomets, a student of Metchni- 
koff, postulated that because of the per- 
vasiveness of the reticulo-endothelial system 
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and the multiplicity of its functions, the 
functional state of this system was a major 
determinant of health and of resistance to 
infection and degenerative disease. He 
further believed that the functional capac- 
ity of the physiologic system in man could 
be improved by administration of small or 
stimulating doses of a cytotoxic serum pro- 
duced in animals by injection of antigens 
prepared from organs rich in reticulo- 
endothelial tissue. He prepared such a 
serum for human use by inoculating horses 
with the cells of spleen and bone marrow 
from human cadavers. The experimental 
observations and clinical applications of 
antireticular cytotoxic serum were carried 
out exclusively in the U.S.S.R. until very 
recently. These have been summarized in 
detail by Bogolomets 58 and Straus. 59 Suffice 
it to say that at a conference held in Russia 
in 1942, at which time 2,500 clinical ob- 
servations were surveyed, it was concluded 
that the therapeutic effect of ACS was 
clearly established in war traumatisms and 
in the following diseases: (1) frostbite and 
wounds, especially slowly knitting bone 
fractures and indolent, infected wounds; 

(2) infectious diseases, especially typhus; 

(3) diseases of the nervous system, especially 
traumatic and infectious diseases; (4) dis- 
eases connected with disordered trophic 
functions of tissue, especially peptic ulcers. 

Fedyushin and Bogolomets demonstrated 
that small doses of ACS significantly de- 
creased the number of “takes” of trans- 
planted cancer, caused the disappearance 
of large cancers already present and re- 
duced the number of metastases in mice. 60 

The claims for antireticular cytotoxic 
serum have been investigated experimentally 
in this country by Straus and his col- 
leagues. 61 • <l2 On the basis of enthusiastic 
statements of a number of Russian in- 
vfestigators regarding the favorable effects 
of small doses of ACS on the rate and 
extent of healing of fractures, these authors 
carried out a series of observations on 
experimental fractures in the rabbit. ACS 
was prepared in rabbits and goats using 
tuman spleen and bone marrow for the 
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antigen. The titer of ACS was determined 
by a complement fixation technic described 
by Marchuk. 66 In 156 rabbits with experi- 
mental fractures the authors investigated 
the effects of stimulating doses of ACS 
(0.00125 ml., titer 1:320) and depressing 
doses of the same serum (0.1 ml.) on (1) 
x-ray changes of the healing fracture sites, 
(2) gross and microscopic alterations of the 
bones and (3) breaking strength of the 
healed fractures. Although there were no 
apparent differences in the first two criteria 
just mentioned, statistical evaluation of the 
breaking strength of the healed fractures 
indicated highly significant differences be- 
tween each of the groups and its control. 

From these results the authors conclude 
that “stimulation of the healing of experi- 
mentally produced fractures in rabbits was 
induced with small (stimulating) doses of 
antireticular cytotoxic serum and depres- 
sion of healing followed large (depressing) 
doses as claimed by the Soviet investigators. ” 

Mechanism of Action. The mechanism of 
action is completely unknown. The ex- 
perimental observations discussed in the 
foregoing section (which have not been con- 
firmed) would indicate that there is a lack 
of specificity of the action of ACS inasmuch 
as human antigen was employed to produce 
the antibodies and these presumably stimu- 
lated or depressed the rabbit reticulo- 
endothelial system. 

Clinical Application. Use of antireticular 
cytotoxic serum in the therapy of malignant 
disease has been reported only in summary 
form by the Russian investigators. 58 In 
this country Davis 64 has made a preliminary 
but unpromising report on his experience 
with the material in a variety of neoplasms 
and Friedman and Stritzler reported a 
negative result in mycosis fungoides. 65 
Skapier 66 has treated twenty-two cases of 
Hodgkin’s disease. There was no evidence 
that a fundamental effect on the neoplasm 
was produced although transient weight 
gain and decrease in the erythrocyte sedi- 
mentation rate was noted. Because of the 
paucity of objective data, it is impossible 
at this time to assess the contribution if any 
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to the chemotherapy of cancer made by 
this approach. Rogoff and his associates 67 
attempted without success to confirm Rus- 
sian claims of striking benefit of ACS in 
arthritis. 

Comment. Antircticular cytotoxic scrum 
has been presented in detail primarily as an 
example of many investigations which 
stem from the hypothesis that the reticulo- 
endothelial system is a significant barrier to 
the development and /or spread of malig- 
nant disease in man. This hypothesis, which 
lacks convincing proof, has been repeatedly 
advanced to provide the rationale for the 
therapy of malignant disease with organ 
extracts. The most recent report of this 
nature is that of Watson, Diller and Lud- 
wick r,s who advance inconclusive evidence 
that an extract of calf spleen alters the 
course of human malignancy. Another 
example of a chemotherapeutic agent stem- 
ming from the same hypothesis is leroptcrin 
which is to be discussed in the next section. 

FOLIC ACID CONJUGATES 

Background and Rationale . Lewisohn and 
his associates have devoted their research 
efforts over a period of years to the therapy 
of transplanted and spontaneous tumors in 
mice. In 1938 they reported that an extract 
of beef spleen caused regression in a sig- 
nificant number of instances of sarcoma 
180. 00 An extract of mouse spleen was found 
to have a cytotoxic effect on spontaneous 
breast carcinoma in mice. Due to the im- 
practicably of large scale extraction of 
mouse spleens, extracts obtained from a 
number of other sources were screened for 
their antitumor activity. The attention of 
this group of investigators was focused on 
the components of vitamin B complex by 
their observation that extracts of barley and 
brewers’ yeast seemed to cause regression of 
spontaneous mammary adenocarcinoma in 
mice. 70 In 1945 the Lcuchtenbergers, Lazio 
and Lewisohn 71,72 reported that L. casei 
fermentation factor caused complete regres- 
sion of 30 per cent of spontaneous breast 
cancers in three different strains of mice 
treated with daily intravenous injections of 


5 micrograms of the material. At the time 
of their report this was considered to be 
ptcroylglutamic acid, i.c., folic acid. Subse- 
quent chemical characterization of the L. 
casei fermentation factor showed this to be 
a folic acid conjugate, ptcroyl triglutamic 
acid. Folic acid was ineffective. 73 

The results of the experimental chemo- 
therapy of Lewisohn and his co-workers 
could not be confirmed by Sugiura, 74 Burk 73 
and Morris. 70 

Mechanism of Action. No mechanism of 
action has been suggested. 

Clinical Application. Farber and his as- 
sociates published a preliminary report on 
the use of ptcroyl glutamic acid conjugates 
in malignant disease in man. 77 Their series 
of patients treated with teroptcrin and diop- 
lerin (ptcroyldiglutamic acid) includes acute 
leukemia; astrocytoma; Ewing's tumor; 
carcinoma of the rectum, colon, stomach, 
cervix, prostate, pancreas, esophagus, blad- 
der, breast, gallbladder, kidney and ovary; 
Hodgkin’s disease, lymphosarcoma; osteo- 
genic sarcoma; ependymoma; leiomyosar- 
coma of the stomach; spongioblastoma 
multiforme; seminoma; hypernephroma; 
chondrosarcoma; epidermoid carcinoma of 
the pharynx and of the tongue and em- 
bryoma of the kidney. The authors stated 
that, in general, the patients experienced 
“improvement in energy, appetite and sense 
of well being.” Since no details of the cases 
were presented, it is impossible to evaluate 
the effect of therapy in their patients. It is 
noteworthy that in eleven patients from 
whom serial biopsies were obtained before, 
during and after tcropterin therapy theic 
was “no change in the tissues which could 
be regarded as a deleterious effect of the 
substance employed.” The authors conclude 
that the drug is non-toxic and since there 
were instances of improvement which seemed 
to be greater than could be accounted foi 
by the concomitant conventional therapy 
(such as radiotherapy), they suggest furthei 
clinical trial. 

Additional evidence on the efficacy oi 
teropterin in human neoplastic disease was 
presented by Klainer, 7S Lehv and his co- 
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workers 79 and Meyer 80 at a recent sym- 
posium devoted to the effect of derivatives 
of folic acid on certain types of neoplastic 
disease. Although more details of the 
subjects treated were given in these latter 
reports, only a limited number of patients 
were studied for short periods of time. For 
the most part the patients were receiving 
other forms of therapy at the same time that 
teropterin was being employed which makes 
it difficult to evaluate the contribution of 
the drug in question. There was no objective 
evidence recorded which indicated that the 
course of the neoplastic diseases studied had 
been significantly altered. 

Comment. This brief summary of the 
current status of pteroyl triglutamic acid in 
the chemotherapy of malignant disease was 
included only because teropterin has re- 
cently received considerable publicity in 
the lay press as a significant contribution 
to this serious problem. 

It has been demonstrated that man is well 
equipped with enzymes, so-called conju- 
gases, which efficiently split folic acid con- 
jugates with the release of folic acid. 81 
Administration of pteroyl triglutamic acid 
parenterally therefore presumably results 
in the removal of two glutamic acid mole- 
cules in vivo, leaving folic acid. This vitamin 
has been shown to play a significant role 
in the maturation of cells of the hemopoietic 
system. Since there is no evidence that 
malignant disease is an expression of a 
folic acid deficiency, there is no apparent 
rationale for teropterin therapy. 

The only experimental evidence that 
teropterin has a cytotoxic action on malig- 
nant cells is the unconfirmed work of 
Lewisohn and his associates. Woll 82 and 
Little et al. 83 have shown that the growth 
of the Rous chicken sarcoma is actually 
stimulated by folic acid and inhibited by 
folic acid antagonists. 

At the present time there is no evidence 
horn the reported clinical trials with terop- 
teiin that this drug affects human neoplastic 
giowth or significantly alters the course of 
malignant disease in man. The Council on 
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Medical Association reached the same con- 
clusion on the basis of reports which it 
received on the results of teropterin and 
diopterin therapy in 275 patients. 84 

However, the Council noted that relief 
of pain and subjective improvement was 
reported in 50 per cent of the patients. It 
was considered possible that this analgesic 
action, particularly of teropterin, might 
offer a significant advantage over the 
narcotics because of the absence of side 
reactions, addiction and hypnotic effects. 
Inasmuch as the psychotherapeutic factor 
associated with the use of a new form of 
therapy was not controlled in these studies, 
it is not permissible to accept the alleged 
analgesic action of the folic acid conjugates 
as a fact. In the absence of either conclusive 
experimental or clinical demonstration that 
these compounds have any fundamental 
influence on malignant disease the authors 
believe that the implications in the lay 
press and in the advertising to the medical 
profession are unfortunate, misleading and 
unwarranted. 

FOLIC ACID ANALOGS 

Background and Rationale. The develop- 
ment of metabolic antagonists in the form 
of chemical analogs of essential metabolites 
has provided significant research tools for 
the classification of a variety of physiologic 
cellular mechanisms. 85 As each new mem- 
ber of the vitamin B complex has been 
chemically characterized one or more 
chemical analogs has been synthesized. 
Numerous analogs of pteroylglutamic acid 
have been prepared and a number of them 
have been found to be potent folic acid 
antagonists as indicated by their ability to 
prevent the growth of Str. faecalis R when 
added to culture media rich in folic acid. 86,87 
The two types of analogs which are perti- 
nent to this paper are those in which the 
substituents of the pteridine ring of folic 
acid are either changed or other groups 
added, and those in which besides these 
alterations the glutamic acid is substituted 
by another amino acid. The chemical re- 
lationship of the analogs to folic acid can 
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best be illustrated by the structural formulas by feeding diets high in ptcroylglutamic 
of the drugs which are currently receiving ex- acid. 82 -* 3 However, these latter observations 
tensive clinical trial in cancer chemotherapy. cannot be accepted as evidence that neo- 
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In the clinical trials with the folic acid 
conjugates Farber and his associates noted 
that the course of the disease in patients 
with acute leukemia appeared to be ac- 
celerated. The apparent stimulation of 
abnormal leukocyte production in the bone 
marrow led him to the hypothesis that folic 
acid was an essential metabolite for leuko- 
poesis. On the basis of these observations 
he instituted clinical trials with folic acid 
antagonists in acute leukemia. 

Mechanism of Action. As has been men- 
tioned in the preceding sections it has been 
demonstrated that the folic acid analogs 
act as antagonists in certain biologic sys- 
tems. This can be shown clearly in the case 
of certain bacteria (S. faecalis R) which 
require folic acid for their growth. It has 
also been shown that the growth rate of the 
Rous chicken sarcoma can be significantly 
depressed by administration of folic acid 
analogs to the host and can be accelerated 


plastic cells are dependent upon folic acid 
for it is known that this tumor is caused by 
a filterable virus. The mechanism of action 
of the folic acid analogs in human neo- 
plastic disease is not known, but as will be 
seen in the succeeding section circumstantial 
evidence indicates that it is unrelated to 
folic acid antagonism. 

Clinical Application. Farber, Diamond et 
al. 8S have made a preliminary report on the 
immediate results of treatment with ami- 
nopterin in sixteen cases of acute leukemia 
in children. In ten of these patients clinical 
and hematologic remissions occurred during 
therapy with the folic acid analog for inter- 
vals ranging from two weeks to six months. 
The remaining six were either unimproved 
or made worse. Careful analysis of these 
cases by the Boston group has led them to 
the conclusion that the remissions have not 
been correlated with either blood trans- 
fusions or infection which are important 
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factors associated with spontaneous remis- 
sions. The remissions have been charac- 
terized by decrease in the blasts and other 
immature leukocytes in both the peripheral 
blood and the bone marrow. Decrease in 
the size of subcutaneous lymph nodes and 
of hepatosplenomegaly also occurred and is 
indicative of a cytotoxic effect on leukemic 
infiltrations. With the onset of remission, 
there has also been an increase in the 
erythrocytes and platelets. In subsequent 
reports Farber stated 89 that in a much larger 
series “about 52 per cent” of the cases of 
acute leukemia in children have shown 
hematological and /or clinical improvement 
which can be classed as a remission. These 
patients have received a-methopterin, amino 
an-fol as well as aminopterin. 

In the case of aminopterin the drug is 
administered subcutaneously or intramuscu- 
larly at daily intervals in doses of 0.5 mg. to 
1.0 mg. Therapy is continued until remis- 
sion occurs or until toxic manifestations 
appear. Evidences of toxicity include severe 
stomatitis, ulceration of the intestinal epi- 
thelium, pancytopenia due to bone marrow 
depression and alopecia. Of these manifes- 
tations stomatitis frequently occurs first 
and it is the signal for immediate discon- 
tinuation of the drug; after one to two 
weeks therapy may be resumed cautiously. 
Folic acid and liver extracts have been 
given simultaneously with aminopterin in 
an attempt to prevent toxicity but this has 
been unsuccessful. 

The results of folic acid analog therapy 
in acute leukemia in adults have been less 
impressive although Dameshek 90 has stated 
in an editorial that in about one-third of a 
small series of patients there has been a 
significant improvement in the clinical and 
hematologic condition. In all cases thus far 
reported, including children and adults, 
the period of follow-up has been too brief 
to determine whether the course of the 
disease can be significantly altered by 
therapy with these chemicals. 

It is of interest and significance that cases 
of Hodgkin’s disease, lymphosarcoma and 
neuroblastoma have had temporary re- 
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missions following aminopterin therapy. 89 
No detailed reports on the patients are yet 
available so that it is impossible to compare 
these results with those obtained by con- 
ventional radiotherapy or by nitrogen 
mustard. 

Comment. It is too early to assess the 
significance of the folic acid analogs in 
cancer chemotherapy. Because of the limited 
understanding of the fundamental biology 
of acute leukemia, it is difficult to evaluate 
the practical importance of temporary 
hematologic remissions. If with further 
clinical experience it is demonstrated that 
the life expectancy of patients with acute 
leukemia is increased, a very significant 
advance in cancer chemotherapy can be 
claimed. At the present time the severe 
toxic manifestations which follow use of the 
folic acid analogs constitute a serious 
limitation to their general use. 

Irrespective of their ultimate importance 
in clinical therapy, these drugs have great 
heuristic value. In connection with this the 
available observations indicate that their 
mechanism of action in human neoplastic 
disease is not specifically related to folic acid 
antagonism. This conclusion rests on the 
circumstantial evidence that neither the 
beneficial effect in certain cases of acute 
leukemia nor the toxic manifestations can 
be counteracted by simultaneous adminis- 
tration of folic acid. 

STILBAMIDINE 

Background and Rationale. In visceral leish- 
maniasis or kala-azar the serum globulin is 
usually markedly elevated. 91 Following ade- 
quate therapy with tervalent or quinqui- 
valent organic antimonial drugs, the signs 
and symptoms of the disease disappear and 
the serum globulin level returns to normal. 
Following the discovery by Yorke 92 that 
the diamidines, stilbamidine, pentamidine 
and propamidine were effective chemo- 
therapeutic agents against a number of 
experimental protozoal infections, these 
drugs were found to be active against Leish- 
mania donovani infections in man. As 
with the antimonials, stilbamidine therapy 
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in human leishmaniasis was followed by a de- 
crease of the elevated plasma globulins. 91,93 

In multiple myeloma the plasma globulin 
is frequently increased. On the basis that 
stilbamidine therapy of kala-azar causes a 
decrease in plasma globulin Snapper se- 
lected this drug for a therapeutic trial in 
multiple myeloma. 94,93 

Mechanism of Action. The morphology of 
myeloma cells secured by sternal marrow 
aspiration has been intensively studied by 
Snapper following stilbamidine therapy. 99,97 
After four to six weeks of therapy basophilic 
granules or inclusion bodies appear in the 
cytoplasm of the myeloma cells of many 
patients. In none of the other cellular com- 
ponents of the marrow have such inclusions 
been found. Utilizing chemical and physical 
methods, Snapper and his associates charac- 
terized the chemical composition of the 
myeloma cell inclusion bodies. From a 
combination of specialized staining technics 
before and after exposure of the myeloma 
cells to ribonuclease it was concluded that 
the inclusion bodies contained ribosc nucleic 
acid. This conclusion was confirmed by 
ultraviolet microscopy, in that the granules 
were found to have an ultraviolet absorp- 
tion (2600A) which was identical with that 
of ribosc nucleic acid. This observation 
takes on added significance when corre- 
lated with the results of in vitro experiments 
by Kopac. 98 This author demonstrated that 
stilbamidine in high dilutions dissociates 
protamine ribonucleatc with the release of 
protamines from these compounds. Stil- 
bamidine reacts with nucleoproteins in vitro , 
an insoluble stilbamidine-ribose nucleate 
complex being formed. Kopac concluded 
that the cytotoxic effect of stilbamidine 
in experimental tumors 99,100 could be due 
to the fact that this diamidine dissoci- 
ates nucleoproteins which are essential to 
neoplastic cells or that the nucleoproteins 
of neoplastic cells are more readily dissoci- 
ated by stilbamidine than are those present 
in normal cells. 

Thus, it is possible that the granules ap- 
pearing in multiple myeloma cells following 
stilbamidine therapy are, in fact, stilbami- 


dine-ribosc nucleate complexes. In this 
connection it has been demonstrated that 
stilbamidine docs localize in myeloma 
tissue. 97 

Clinical Application. Although stilbami- 
dinc has been given a therapeutic trial in 
a variety of neoplastic diseases, including 
lymphatic and myeloid leukemia, lympho- 
sarcoma, Hodgkin’s disease and various 
carcinomas, it has been found effective only 
in multiple myeloma. 93 Snapper 101 has re- 
ported on the results of therapy in thirty- 
five patients in whom the diagnosis was 
documented by sternal marrow biopsies. 
The one symptom common to all of the 
patients was excruciating pain which caused 
the majority of them to be bedridden. In 
80 per cent of the cases the bone pain was 
cither completely or partially relieved by 
therapy. Although the period of follow-up 
is too brief to assess the effect of stilbamidine 
treatment on life expectancy, it is apparent 
from Snapper’s observations that the disease 
is halted only temporarily at best. 

It was noted that in spite of evident 
clinical improvement in most of the cases 
the myeloma cells or myeloma cells with 
basophilic granules in the cytoplasm per- 
sisted. In addition Bence-Jones proteinuria 
continued and the hypcrglobulinemia was 
not affected. Serial x-ray examinations of 
the skeleton did not disclose recalcification 
of the bone lesions, but neither was there 
rocntgenographic evidence of progression 
of the disease. 

During a course of stilbamidine therapy 
for multiple myeloma it is important that 
the patient be maintained on a low ani- 
mal protein diet. When a normal diet is 
permitted, therapy is uniformly unsatis- 
factory. 94,95,101 The explanation for this 
dietary regimen is not clear, nor is there a 
report of the effect on myeloma bone pain 
of a restricted animal protein diet alone. 

Stilbamidine freshly dissolved in isotonic 
saline is administered intravenously prefei- 
ably, or intramuscularly if the subcutaneous 
veins are inadequate. It is irritating by 
intramuscular injection and it is recom- 
mended that 2 per cent procaine be added 
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when administration is by this route. The 
daily dosage suggested is 150 mg. in a single 
administration; the total, therapeutic dose 
is between 3,000 mg. and 6,000 mg. 

Toxic reactions to stilbamidine may be 
immediate or delayed. The immediate 
toxicity is manifested by local pain along 
the course of the vein, a feeling of warmth 
in the face and a drop in blood pressure 
which may be great enough to lead to 
syncope. This latter reaction is due to 
marked peripheral vasodilatation as a 
result of the direct relaxing effect of the 
drug on the smooth muscle of the arterioles. 
This reaction can be prevented by adminis- 
tration of epinephrine just before the stil- 
bamidine injection, or the stilbamidine can 
be slowly injected into the rubber tubing 
of an intravenous saline infusion. 

When stilbamidine was first used in the 
therapy of leishmaniasis, delayed toxic 
effects on the liver, kidney and nervous 
system were noted. It was soon determined 
that these were not due to stilbamidine 
but to a degradation product which ap- 
peared when stilbamidine in solution was 
exposed to light. 102 Arai and Snapper 103 
have recently reported the results of careful 
studies of liver and kidney function follow- 
ing stilbamidine therapy in twenty-six 
patients and no significant changes were 
noted. The prevention of parenchymal 
necrosis is probably due to the fact that at 
the present time freshly prepared solutions 
of stilbamidine are used exclusively. These 
authors also found no significant changes 
in the formed elements of the peripheral 
blood. 

A toxic reaction which has not been 
prevented by use of fresh solutions of stil- 
bamidine is subjective disturbances and dis- 
sociated anesthesia of areas supplied by the 
sensory branches of the trigeminal nerve, 
which may develop two and one-half to 
five months after the completion of stil- 
bamidine therapy. 101-106 The reaction is 
characterized by subjective symptoms of 
numbness, formication, heaviness and itch- 
ing of the affected areas. The sensation of 
light touch is lost but pain, temperature 
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and pressure modalities are intact. From 
experimental studies it appears probable 
that the symptoms and signs are due to 
toxic degeneration of the principal sensory 
nucleus of the fifth nerve. In stilbamidine 
intoxication in dogs neuronal and myelin 
disintegration have been observed in this 
area. 107 In Arai and Snapper’s series of 
stilbamidine treated patients eighteen were 
followed for a sufficient time to evaluate 
the incidence of this reaction. It occui'red 
in ten of the eighteen patients. The symp- 
toms persisted over a protracted period 
and then spontaneously gradually dimin- 
ished in intensity. No satisfactory therapy 
of this toxic manifestation was found. 

Comment. The rationale for the use of 
stilbamidine and more recently antimoni- 
als 108 in the chemotherapy of multiple 
myeloma has been presented. The hypo- 
thesis rests on the assumption that the 
hyperglobulinemias of kala-azar and multi- 
ple myeloma are similar. We believe that 
use of these drugs is empiric, however, in 
view of the following established facts: 

First, the therapeutic response of patients 
with kala-azar treated with stilbamidine or 
antimony salts is dependent on the toxic 
action these compounds exert on the para- 
site causing the disease rather than by 
altering serum protein synthesis. In multi- 
ple myeloma no causative organism has 
been implicated. 

Second, careful studies on the serum of 
patients with kala-azar 109 and with multiple 
myeloma 110 have revealed certain funda- 
mental differences in the serum proteins 
in these two conditions. An elevation of the 
euglobulin and pseudoglobulin i fractions 
(Howe) with normal pseudoglobulin n is 
commonly seen in kala-azar. In multiple 
myeloma, hyperproteinemia with a similar 
distribution of Howe and electrophoretic 
fractions may occur; but the studies of 
Gutman and his co-workers 110 ’ 111 in a 
series of forty-three myeloma patients indi- 
cate that in many cases Bence-Jones 
proteins and other abnormal protein compo- 
nents appear in the serum in significant con- 
centration. Such components can, by special 
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technics, be readily differentiated from the 
7-globulins composing the scrum globulin 
increment in kala-azar and have an alto- 
gether different significance. Bence-Jones 
proteins presumably are formed by the 
myeloma cells and the apparent persist- 
ence of Bence-Jones protcincmia following 
stilbamidinc therapy would seem to be 
significant. 

Although these data lead to the convic- 
tion that the rationale proposed by Snapper 
for use of stilbamidinc in multiple myeloma 
is without basis, the drug may, of course, 
be used empirically. Since there is ample 
evidence that the fundamental lesions arc 
not significantly altered and that the ab- 
normal scrum protein patterns persist un- 
changed following therapy, it must be 
concluded that the drug merely provides 
symptomatic relief. In view of this and the 
high incidence of drug toxicity on the 
trigeminal nerve and the protracted dura- 
tion of therapy we believe that stilbamidinc 
therapy of multiple myeloma should be 
used only as a last therapeutic resort. 

URETIIANE 

Background and Rationale. Use of urethane 
as a chemotherapeutic agent in malignant 
diseases stems from the experimental ob- 
servations of Haddow and Sexton on the 
effect of the drug on animal tumors. 112 
These investigators systematically examined 
the effects on the growth of experimental 
tumors of those drugs which had in the past 
been reported to have effects upon mitosis. 
They examined phenyl urethane and its 
derivatives with particular care because 
botanists and plant physiologists had re- 
peatedly noted the striking arrest of mitosis 
in the cells of the roots of cereals and other 
plant species. In fact, so marked was this 
action that Templeman and Sexton sug- 
gested use of isopropyl phenylcarbamate as 
a “weedicide.” Although ethylcarbamate 
(urethane) had been found inactive against 
plant growth, it was not neglected by Had- 
dow and Sexton in their screening program 
for carcinolytic agents. The experimental 
neoplasms utilized in these studies were a 


spontaneous mammary adenocarcinoma in 
mice and the Walker rat carcinoma. Several 
of the carbamic acid esters were found to 
retard growth of these tumors, urethane 
being the most active. In mammary carci- 
noma progress of the tumor was inhibited 
only during administration of the drug, 
whereas in the experiments on the Walker 
carcinoma a profound modification in 
histologic structure was produced, charac- 
terized by an apparent maturation of the 
undifferentiated cells. It is to be noted that 
death of the malignant cells was not a 
prominent effect of the drug on the tumor. 
The authors state, “Although the growth 
effects above described were in no way 
dramatic, their reproducibility, and the 
interest of the circumstance that they might 
be brought about by a known substance as 
simple and as readily available as urethane, 
suggested the advisability of testing its 
action in advanced and inoperable or 
otherwise intractable cancer in the human 
subject.” 

Mechanism of Action. The mechanism of 
action is unknown. It would not be justified, 
however, to omit mention of several possible 
mechanisms which have been suggested. 
Because urethane was widely employed in 
Europe as an anesthetic agent in laboratory 
experiments, a considerable body of in- 
formation is available on the mechanisms 
of narcosis produced by this drug. It has 
been demonstrated that urethane is able 
to suppress nuclear and cell division of the 
sea urchin egg without causing an accom- 
panyingreduction of oxygen consumption. 113 
This observation indicates that the drug 
interferes with intracellular enzyme systems 
which are not directly related to respiration. 
Experiments on brain tissue 111 and on 
bacteria 115 in general confirm this finding, 
but the specific catalytic substances whose 
functions are depressed are not known. 

In addition to the possibility that ure- 
thane affects cell growth by the same 
mechanism involved in its production of 
narcosis Haddow and Sexton suggest that 
the drug might act by competing with a 
natural amine involved in the biosynthesis 
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of nucleotides. This concept is based on the 
isotope studies of Plentl and Schoenheimer 116 
which indicated that the synthesis of 
nucleoproteins was not accomplished by 
utilization of relatively complex building 
blocks such as purines or pyrimidines but 
rather from smaller molecules such as 
certain amino acids. As yet there is no direct 
evidence for this attractive hypothesis of 
competition. 

Clinical Application. The clinical investi- 
gation of urethane in man was initiated in 
1943 by Paterson and her associates. 117 
The first patients treated had far advanced 
malignant disease. The clinical results were 
disappointing; but it was noted that in some 
instances there was a striking fall in the 
leukocyte count. This suggested the trial of 
urethane in patients with leukemia. 

Eighteen patients with chronic myelo- 
genous leukemia were treated and at the 
time of the report the mean observation 
period was six months. There was one 
patient with acute myelogenous leukemia 
in whom the drug had no apparent effect 
and in whom the course of the disease was 
unaltered. 

Conventional radiotherapy was used in 
six of the eighteen patients when either a 
trial on urethane had proved unsuccessful 
in reducing the count or side reactions to 
the drug were of such magnitude that it . had 
to be discontinued. The dosage of urethane 
was, in part, determined by the tolerance of 
the patient. Most patients received 3 Gm. 
of the drug per day, but as much as 5 Gm. 
per day have been given. The amount of 
urethane necessary to produce a fall in the 
leukocyte count to about 20,000 per cu. 
mm., which was the point at which therapy 
was discontinued, varied within wide limits 
(19 Gm. to 134 Gm.). This dose could not 
be correlated either with body weight or 
with absolute decrease in the number of 
white cells. Considerable valuation existed 
in the time taken for the leukocyte count 
to fall to the arbitrary end point of 20,000 
per cu. mm. (eleven to thirty-six days, 
average thirty days). It was noted that 
immature cells were most sensitive to the 
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drug, in that the differential white cell 
examinations revealed a disappearance of 
the myeloblasts and premyelocytes. The 
effect on erythropoiesis can be seen in 
Table 1. The spleen, markedly enlarged in 
all cases, was reduced after treatment, in 
some instances until it was no longer 
palpable. 

In nine cases of chronic lymphatic 
leukemia urethane therapy alone was em- 
ployed. It was found that the hematologic 
response to the drug was less satisfactory 
than in chronic myelogenous leukemia. In 
general the qualitative changes were similar 
in the two types of the disease, but the 
quantitative improvement in signs and 
symptoms was more variable in the lym- 
phatic blood dyscrasia. 

The changes in the total peripheral white 
count and hemoglobin, together with the 
clinical evaluation of the results, are sum- 
marized in Table 1. 

The authors compared the urethane 
treatment of chronic leukemia with results 
which they had obtained in the past with 
x-ray therapy to the spleen. They concluded 
that the changes induced by chemotherapy 
and radiotherapy were strikingly similar. 
No significant differences were noted as 
regards: (1) quantitative or qualitative 
alterations produced, (2) duration of ther- 
apy required to produce the changes, (3) 
effect on splenomegaly or (4) improvement 
of the hemoglobin concentration. A com- 
parison of the length of life of the patients 
treated by -the two methods is not possible 
at the present time. 

The observations of the British workers 
have been confirmed in both experi- 
mental 118-122 and human leukemia. 123-128 
There are sufficient data in the reported 
results of urethane therapy in 108 patients 
with leukemia to provide an approximate 
evaluation of the immediate response. In 
forty patients with acute leukemia urethane 
therapy did not alter the course of the 
disease and no significant clinical and /or 
hematologic remissions were induced; in 
forty-six cases of chronic myelogenous 
leukemia the immediate response was satis- 
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factory in thirty (65 per cent); a satisfactory 
response has been reported in eleven of 
twenty-nine patients with chronic lym- 
phatic leukemia (38 per cent). 

In Paterson’s experience 117 no significant 
remissions were induced in thirteen cases of 


from the prostate of castrate dogs given 
testosterone and urethane simultaneously 
was not decreased below those values 
obtained with testosterone administration 
alone. 

Comment. From the available evidence 
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advanced carcinoma of the breast or in 
eleven cases of miscellaneous malignant 
diseases, including Hodgkin’s disease, lym- 
phosarcoma, multiple myeloma, carcinoma 
of the rectum, malignant mixed salivary 
tumor or malignant seminoma. In general 
the observations of others corroborate these 
findings although it has been suggested that 
urethane be tried in highly anaplastic, dis- 
seminated epitheliomas. 129 

Recently Huggins 130 reported that the 
drug had beneficial effects on prostatic 
cancer with metastases. In one patient who 
had an advancing prostatic cancer following 
remission induced by castration, estrogen 
administration and radiotherapy, 4 Gm. of 
urethane daily for five days followed by a 
daily maintenance dose of 1 Gm. for six 
weeks, eliminated bone pain and caused a 
marked decrease in the size of the primary 
tumor. As with androgen control therapy 
the serum acid phosphatase levels fell after 
institution of treatment. Huggins demon- 
strated that the mechanism of action of 
ethylcarbamate was not through an anti- 
androgenic effect; the volume of secretion 


it may be concluded that urethane is a 
satisfactory therapeutic agent in producing 
temporary remission in chronic lymphatic 
and myelogenous leukemia. Whether the 
duration of life of leukemia patients so 
treated will be significantly prolonged is 
not yet established. On the basis of Huggins 
results it would appear that ethylcarbamate 
may be an additional useful weapon against 
prostatic carcinoma. It is to be noted that 
use of the drug is potentially hazardous 
since it can produce marked depression of 
bone marrow function. 131 

ANDROGEN CONTROL THERAPY 
OF MALIGNANCY 

Background and Rationale. Alteration of 
the internal environment by biologic means 
has dramatically influenced the treatment 
of inoperable carcinoma of the prostate. 
At the present time administration o 
estrogen or bilateral orchiectomy, or ot i, 
is an accepted and generally emp oye^ 
program of therapy for this malignanc). 
The rationale for this type of treatmen 
rests upon sound physiologic observation. 
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As early as the nineteenth century it was 
noted that an interrelationship existed 
between testicular function and the pros- 
tate. In 1837 Civiale 132 described marked 
regression of the prostate in patients in 
whom bilateral orchiectomy had been per- 
formed incidental to herniorraphy. The 
common practice of orchiectomy for benign 
hypertrophy of the prostate in the latter 
part of the nineteenth century rested, in 
large part, upon the experimental observa- 
tions of White 132 who carefully noted the 
effect of castration on the prostate gland of 
dogs. From his observations on the atrophy 
of glandular and muscular elements of the 
prostate he suggested this operative pro- 
cedure for benign prostatic hypertrophy in 
man. By the turn of the century the opera- 
tion was dropped because of unsatisfactory 
end results and because surgical technics 
for prostatectomy had been greatly im- 
proved. These early laboratory and clinical 
experiments demonstrated the dependency 
of the prostate upon normal testicular 
function. 

Understanding of the effect of the secre- 
tion from the male and female gonads on 
the physiology of the prostate was extended 
by Huggins and his co-workers who devised 
a relatively simple operative procedure in 
dogs whereby the course of urine was 
deviated and the prostate was isolated from 
the bladder. 133 In such animals it was possi- 
ble to demonstrate that castration caused 
complete cessation of prostatic secretion in 
seven to sixteen days. A similar effect was 
achieved by administration of estrogens to 
normal dogs. It was further shown that the 
ability of estrogen to decrease prostatic 
secretion and to cause shrinkage of the 
gland was related to its anti-androgenic 
action. In a castrate dog to whom androgen 
m the form of testosterone propionate was 
a ministered a normal or greater than 
normal amount of secretion was elicited 
and the gland grew. When estrogen was 
administered simultaneously with the an- 
drogen in appropriate dosage, it was possible 
to abolish the secretion of the gland and to 
ce ucc its size markedly. Histologic ex- 
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animation of the prostate gland m men 
subjected to orchiectomy for benign hyper- 
trophy demonstrated principally an involu- 
tion of the prostatic epithelium, with only 
minimal changes in the smooth muscle or 
connective tissue. 134 

Physiologic study of the prostate gland 
and of prostatic malignancy was greatly 
facilitated by the discovery of Kutscher 
and Wolbergs that normal prostatic tissue 
is rich in an acid phosphatase. 135 The Gut- 
mans studied the acid phosphatase concen- 
tration in the prostate gland at different 
ages in the male and found that none was 
present in infancy but at the age of puberty 
the enzyme appeared in the gland. A 
significant contribution was added by the 
Gutmans when they reported that the 
serum acid phosphatase concentration was 
markedly elevated in patients with met- 
astatic prostatic carcinoma. 136,137 Shortly 
thereafter, Gomori 138 demonstrated the 
enzyme by histochemical technics in the 
prostatic epithelium of normal males and 
also its presence in high concentration in 
the epithelial cells of prostatic carcinoma. 138 

In 1941 Huggins and his associates 139,140 
assembled the available evidence on the 
physiology of the prostate gland, integrated 
this with the recent advances in the knowl- 
edge of prostatic malignancy and proposed 
a hypothesis for rational therapy of cancer 
of this gland. The work of Kutscher and 
Wolbergs, the Gutmans and Gomori all 
pointed to the fact that a characteristic of 
normal, adult prostatic epithelium was the 
secretion of acid phosphatase. This, coupled 
with the observations that the enzyme was 
present in cancerous prostatic epithelium in 
the primary tumor and also in metastases 141 
together with the elevated serum acid 
phosphatase level, led to the conclusion that 
many carcinomas of the prostate are com- 
posed of adult epithelial cells. On the basis 
of previous observations that mature pros- 
tatic epithelium undergoes atrophy when 
normal androgen production is sharply 
decreased by castration or physiologically 
inactivated by estrogen administration, 
uggins and his associates postulated that 
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significant clinical improvement should 
occur following bilateral orchiectomy in 
patients with far advanced prostatic car- 
cinoma. 139 ' 140 Since this hypothesis could 
not be explored in experimental animals, 
it was tested by clinical trial. 

In patients with far advanced prostatic 
carcinoma with metastases to bones Huggins 
and his co-workers followed changes in the 
serum acid and alkaline phosphatase con- 
centrations as well as the clinical condition 
of the patient. The alkaline phosphatase 
proved to be a valuable objective measure- 
ment of alteration of the tumor because it 
provided an indication under these con- 
ditions of osteoblastic activity at the site of 
carcinoma metastases. 141 It was demon- 
strated that following castration and /or 
administration of estrogens the serum acid 
phosphatase fell abruptly and there was 
clinical improvement. The alkaline phos- 
phatase remained elevated for a longer 
time and returned to normal levels gradu- 
ally. It was also possible to show that 
administration of androgen caused an 
elevation of the serum acid phosphatase 
concentration and clinical deterioration. 
These human experiments, therefore, ap- 
peared to confirm the thesis proposed and 
also offered promise of effective therapy 
for a common and devastating malignant 
disease. 

Mechanism of Action. There are two 
subjects to be considered in this section: 
(1) the mechanisms involved in controlling 
the effects of androgen in the male by the 
administration of estrogen and (2) the 
effect of androgen deprivation on carci- 
nomatous prostatic epithelium. 

Normal function of the germinal epi- 
thelium and the interstitial cells (site of 
hormone elaboration) of the testis is depend- 
ent upon pituitary gonadotropins. Smith 
and Engle in a series of classical experi- 
ments 142 demonstrated that ablation of the 
hypophysis in the male adult animal was 
followed by profound testicular damage. 
Characteristically, there were loss of game- 
togenic activity and changes in the accessory 
sex organs comparable to those seen in a 


castrate animal. Moore and Price 143 pro- 
duced a similar alteration in the morphology 
and function of the testes in normal animals 
by administration of estrogen. The dele- 
terious effects of estrogen did not appear 
if a gonadotropic extract was injected 
simultaneously with the gonadal hormone. 
From evidence of this nature it has been 
concluded that estrogen does not have a 
harmful effect on the testes directly but 
inhibits the secretion of gonadotropic hor- 
mones by the pituitary gland, with the 
result that the gonads become atrophic. 

In addition to the indirect mechanism 
Huggins presented evidence which would 
indicate that estrogen nullifies the action of 
testosterone by direct antagonism at the 
peripheral end organ. 144 It is to be noted 
that most of the evidence from animal ex- 
perimentation is against the hypothesis that 
there is a direct antagonism between 
estrogen and androgen on specific cells. 
However, Huggins’ observations in the 
castrate dog and studies in castrate men 
provide circumstantial evidence that in the 
case of prostatic epithelium estrogen acts 
peripherally and its effects are opposite to 
those of androgen. 

Thus, the mechanism whereby estrogen 
impedes the growth of prostatic carcinoma 
or even causes it to regress is (1) through 
inhibition of pituitary function which in 
turn depresses the secretion of testosterone 
by the interstitial cells of the testis and (2) 
by direct antagonism of the action of testo- 
sterone on prostatic epithelium. Less cieai 
is the mechanism of action of estrogens 
against prostatic carcinoma after castration. 
Theoretically, depression of adrenal andro- 
gen production could explain the salutai) 
effects sometimes noted when estiogen 
therapy is administered to previously cas- 
trated patients. Assays of urinary hormone 
levels (gonadotropins and 17 ketosteroidsj 
reported by Dean 145 suggested that estro- 
gens decreased androgenic steroids by an 
indirect effect on the pituitary or by a 
direct action on the adrenal cortex. inl 
cally, however, this worker could no 
demonstrate that stilbestrol therapy was 
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effective after castration relapse in his 
patients. Other investigators have found 
that further beneficial effect may occur 
with estrogen therapy when a remission 
induced by orchiectomy is ended. 

It now becomes necessary to inquire into 
the mechanism of action of testosterone on 
the prostatic epithelium in order to under- 
stand the fundamentals of androgen control 
therapy of prostatic carcinoma. Little is 
known about the immediate action of 
hormones on cellular physiology. In fact, 
the only precise information of this nature 
concerns the action of insulin in carbo- 
hydrate metabolism . 146 Although such de- 
tailed knowledge of the action of testosterone 
on prostatic epithelium is not available, 
Barron and Huggins have made observations 
of great interest and possible signifi- 
cance . 147 They studied, in vitro , the carbo- 
hydrate metabolism of prostatic epithelium 
obtained from dogs before and after castra- 
tion or diethylstilbestrol administration. 
The oxidative phase of metabolism was 
characterized by determining the oxygen 
consumption in the presence of glucose and 
pyruvate. The anaerobic phase was studied 
by determining glucose fermentation under 
optimum conditions for glycolysis. Their 
experiments showed that when the prostate 
was deprived of androgen support there 
was a marked decrease in the oxidative phase 
of carbohydrate metabolism as indicated 
by a diminished Q 0XyR?n and Q, pyruvate . 
No change was noted in the anaerobic 
phase of carbohydrate metabolism. Al- 
though these observations do not specifically 
explain the action of testosterone, they 
indicate the fundamental role played by 
this hormone in the cellular physiology of 
prostatic epithelium. 

Clinical Application. Since the first re- 
ports by Huggins 139 - 140 on the effect of 
otchiectomy and of Herbst 148 on use of 
estrogens in the therapy of prostatic carci- 
norna, there have been many publications 
which have confirmed the beneficial action 
oi androgen control on the disease . 149-160 
From these articles and many others it is 
possible to make some general statements 
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about the immediate results to be antici- 
pated in those patients responding satis- 
factorily. From the patient’s viewpoint the 
most dramatic effect is relief of pain. Associ- 
ated with this there is a sense of well being, 
an increased appetite and a gain in weight. 
Frequently the anemia associated with far 
advanced disease will respond to iron 
therapy. Objectively, the serum acid phos- 
phatase usually drops to normal levels; the 
alkaline phosphatase may first rise, then 
gradually fall; soft tissue metastases regress 
and in some instances there is evidence of 
healing of bone metastases. In most patients 
there is evidence by rectal palpation of 
decrease in size of the primary tumor with 
attendant relief of obstructive urinary signs 
and symptoms. Neurologic symptoms due 
to pressure or traction on nerve roots, 
particularly the cauda equina, are also 
relieved. Serial biopsy studies by Fergus- 
son 153 and by Schenken et al . 161 revealed 
alterations in the nuclei of the epithelial 
cells, consisting of reduction in size, pro- 
gressive condensation of the chromatin, loss 
of nucleoli, loss of mitotic figures and pykno- 
sis. The cytoplasmic changes consisted of 
progressive vacuolization and finally rup- 
ture of the cell membrane. After some 
months most of the malignant tissue was 
replaced by scar tissue. Significantly, how- 
ever, it was noted that there never was 
complete disappearance of malignant cells. 
Dean mentions 145 one patient with his- 
tologically proven prostatic carcinoma who 
died a cardiac death four years after insti- 
tution of androgen control therapy. Despite 
careful autopsy study no microscopic evi- 
dence of residual cancer was disclosed in 
this man. This observation may indicate 
that an occasional cure will result from 
androgen control therapy. 

As has been indicated not every case of 
prostatic carcinoma responds satisfactorily 
to androgen control therapy. Huggins has 
suggested that the explanation for this is 
related to the cellular characteristics of the 
malignancy. The anaplastic epithelial tumor 
does not, in his opinion, react to androgen 
withdrawal as does adenocarcinoma. This 
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would be in keeping with the thesis that 
adenocarcinoma is made up of mature 
epithelial cells and therefore responds in a 
manner analogous to normal epithelium 
whereas the undifferentiated type of carci- 
noma is not subject to hormonal influences. 
This explanation has both adherents and 
antagonists, i.e., those who have found that 
the cell type is not a determining feature in 
the response to therapy. 

There are many other questions of a 
practical nature which will require addi- 
tional experience to answer definitely. At 
present, for example, it is impossible to 
state unequivocally that castration is supe- 
rior to estrogen therapy or the reverse, or 
that a combination of orchiectomy and 
estrogen is the best therapeutic regimen. 
Most urologists utilize both means for 
decreasing androgen, but there is consider- 
able disagreement on the order in which 
the two procedures should be carried out. 
It is generally agreed that castration results 
in a more rapid remission of signs and 
symptoms but there is a surgical risk 
involved, particularly in the debilitated 
patient, and the psychologic barrier to 
castration is important in some instances. 
Following castration, there may be symp- 
toms of vasomotor instability in the form 
of hot flushes and sweating, but these can 
be controlled easily by estrogens. Adminis- 
tration of estradiol or synthetic estrogens 
also results in toxic manifestations in some 
instances. One of these is gastrointestinal 
upsets, particularly with use of stilbestrol. 
Most troublesome is enlargement and 
tenderness of the breast due to the action 
of estrogen on the ductal epithelium. 102,163 

Following introduction of androgen con- 
trol therapy for prostatic cancer, there was a 
wave of intense enthusiasm as a result of 
the dramatic immediate responses and 
hopes ran high that a cure for this type of 
malignancy had been found. A sufficient 
time interval has now passed to assess the 
results of therapy and a very much more 
restrained attitude must be taken. In 
Table n the results of therapy of several 
series of patients who have been observed 


for two years or more are summarized. 
The statistics of the control series are valid 
for comparison with the specific therapy 
series because the patients were treated 
surgically for relief of urinary obstruction 
and also were treated with sulfonamides 
for urinary tract infections when indicated. 
These are important supportive measures 
in prolonging life in prostatic malignancy 
as can be demonstrated easily by comparing 
the mortality figures for this control series 
of patients with those obtained by others 
before the general employment of trans- 
urethral surgery and bacterial chemo- 
therapy. 108 It is evident from the data in 
Table ix that androgen control therapy of 
prostatic cancer has significantly prolonged 
life. For example, in the control series 
62 per cent of the patients died one year 
after there was evidence of dissemination of 
the malignancy from the primary site, 

■ whereas the statistics of the several treated 
series indicate that only about 40 per cent 
of the patients were dead after one year. 
However, it is also to be noted that as the 
period of observation lengthens, the mor- 
tality figures in the treated series more 
closely approach the control values. 

The explanation for development of re- 
fractoriness to androgen control therapy in 
prostatic malignancy is not yet known 
although it has been suggested that one of 
the causes may be a change of the malig- 
nant cell from a mature prostatic epithelial 
cell to a less well differentiated, more 
anaplastic type. Of interest in this regard is 
the observation 109 that adenocarcinoma 
cells of the human prostate, cultivated in 
the anterior chamber of guinea pig eyes, 
lose their power to produce acid phos- 
phatase, yet after serial transplantation 
through several rodent hosts they maintain 
their typical microscopic appearance and 
malignant characteristics. These findings 
would point to the fact that de-differentia- 
tion of cell type can and does take place m 
this neoplasm. 

Comment. To date androgen control ther- 
apy of prostatic cancer has provided tie 
single, most outstanding, practical con 
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tribution to the chemotherapy of malig- 
nancy. It can be stated unequivocally that 
castration and/or estrogen administration 
should constitute a part of the routine 
therapeutic management of all cases of 
disseminated carcinoma of the prostate 
gland. 


sex hormones in the therapy 

of CARCINOMA OF THE BREAST 

Background, and Rationale. The existence 
of a relationship of the ovarian hormones to 
cancer of the breast was first clearly demon- 
strated by Leo Loeb and his associates. 
They found that the incidence of spontane- 
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Authors 


No. of 
Patients 


Control 
(Vest and 
Frazier) 


74 


Months j Per 
after Onset I Cent 
of Rx Dead 


0 - 6 
6-12 
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24-30 
30-36 
36-42 
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54-60 
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72-84 


20 

38 
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95 

13 
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16 
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In addition to the tremendously signifi- 
cant advance in practical therapeutics this 
type of treatment has greatly stimulated 
laboratory investigation of cancer chemo- 
therapy. The results have demonstrated the 
effectiveness of alteration of the internal 
environment in retarding the neoplastic 
growth of prostatic epithelium. It is possible 
that other changes in the internal environ- 
ment which are compatible with function 
of the normal cells of the host may be incom- 
patible with the existence or growth of 
other types of neoplastic cells. 
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ous carcinoma of the breast in mice was 
significantly decreased by castration. 170,171 
The importance of the stimulative action of 
estrogen on the development of carcinoma 
of the breast was brilliantly demonstrated 
experimentally by Lacassagne. 172 Using a 
strain of mice in which 72 per cent of the 
females characteristically succumb to adeno- 
carcinoma of the breast but in which no 
males develop spontaneous breast tumors, 
he administered estrone to the latter over 
prolonged periods. Initially, a network of 
ducts developed in the axillary and inguinal 
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regions of the treated males. This was fol- 
lowed by proliferation of the ductal epi- 
thelium and, between the fourth and tenth 
months, a rapidly growing adenocarcinoma 
evolved from which the animals died, 
either with ulceration of the tumor through 
the skin or with pulmonary metastases. 
Even more impressive were Lacassagne’s 
experimental results in which estrogen 
carcinogenesis was demonstrated in a strain 
of mice in which the incidence of spontane- 
ous carcinoma of the breast was very low. 
In these experiments after twelve to eighteen 
months of estrogen administration all of the 
mice died with malignant tumors of the 
breast. As a result of these observations 
Lacassagne suggested the possibility that 
antagonism of estrogen by androgen might 
provide a significant therapeutic advance 
in the treatment of human mammary 
cancer. 

This suggestion was tested experimentally 
in mice 173-175 and it was found that the 
male sex hormone, testosterone, indeed 
could prevent the appearance of breast 
cancer in strains in which spontaneous 
mammary carcinoma incidence was high. 
However, it is to be noted that the experi- 
ments were conducted by administering the 
androgen very shortly after the birth of the 
animals and continuing it over long periods. 
Under these conditions the ovary never 
became functional and the breasts of the fe- 
male mice remained rudimentary. Loeser 1 ' 6 
delayed androgen therapy until later in the 
life of the mice and found that if the treat- 
ment was instituted only shortly before the 
expected appearance of the malignancy no 
protection was afforded. 

Although the experimental evidence of an 
inhibitory effect of androgen on either the 
development or growth of carcinoma of the 
breast was not convincing, there were 
scattered clinical trials of this form of 
therapy in inoperable breast cancer in 
humans. Ulrich , 177 Loeser 176 and Fels 17S 
reported encouraging results in a few 
patients. Marked impetus to use of androgen 
therapy in far advanced carcinoma of the 
breast has been provided by a series of 


reports by Adair and Herrmann in the past 
two years. These will be discussed in detail 
in the section on clinical application. 

Mechanism of Action. In order to under- 
stand the mechanisms by which androgenic 
hormone could conceivably retard the 
progress of cancer of the breast it is neces- 
sary to review briefly the endocrine factors 
which influence the histology and physi- 
ology of the mammary gland. 

Ovarian Hormones: The importance of 
estrogenic follicular hormone in the develop- 
ment and function of the breast has been 
clearly established by many observations, 
both experimental and clinical . 179,130 It now 
is generally accepted that in the human, 
proliferation of the duct systems and 
growth of the connective tissue framework 
of the breast is dependent upon the estro- 
genic hormone. Progesterone, the hormone 
of the corpus luteum, is necessary for the 
development of tire alveoli and lobules of 
the breast. Under the influence of pro- 
gesterone, after the breast has first been 
prepared by estrogen, the epithelium is 
converted to the typical secretory type. 
It is important to note, however, that 
although histologically the gland looks 
like a secretory organ following estrogen 
plus progesterone administration, lactation 
cannot be induced by these hormones 
alone . IS1 

Hormones of the Pituitary Gland: A specific 
lactogenic hormone, prolactin, has been 
isolated from the anterior hypophysis. This 
induces lactation in the experimental ani- 
mal after the breast has been suitably 

1 S2 

stimulated by estrogen and progesterone. 
Thus, it is apparent that a delicate and 
rather intricate balancing of the hormones 
of the pituitary and ovaries is essential foi 
normal function of the mammary gland- 

It has been reported that there is another 
hormone from the anterior pituitary, mam- 
mogen, which is essential for the develop- 
ment and growth of the breast . 1S3 However, 
the experimental evidence for this addi- 
tional component of the anterior pituitary 
hormone is not convincing and more recent 
work with highly purified prolactin indi- 
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cates that this fraction alone can reproduce 
all of the experimental observations at- 
tributed to mammogen . 184 

Hormones of the Adrenal Cortex: In addition 
to the corticosteroids which have very 
significant physiologic functions in modify- 
ing electrolyte, protein and carbohydrate 
metabolism, estrogenic and androgenic hor- 
mones have been isolated from the adrenal 
glands . 185 The extent to which the adrenal 
cortical sex steroids influence the repro- 
ductive system under normal conditions is 
not known. However, it is important to 
appreciate that after castration the sex 
hormones continue to be excreted in the 
urine in appreciable amounts, indicating 
that the adrenal cortex is able to secrete 
significant quantities of these hormones. 

With this background of information on 
the hormones which influence the breast 
and their sites of elaboration, the mech- 
anisms whereby androgenic hormone could 
antagonize the physiologic actions of 
other hormones may be considered. As has 
been discussed in the section on use of 
estrogens in prostatic malignancy there is a 
reciprocal relationship between the gonado- 
tropins of the pituitary and the hormones 
of the gonads. Thus, theoretically, it would 
be anticipated that suitable doses of andro- 
genic hormone would depress pituitary 
activity and secondarily inhibit the physi- 
ologic function of the gonads. It had been 
shown that administration of testosterone 
to women decreases the urinary excretion 
of pituitary gonadotropins and coincidently 
there is evidence of suppression of ovarian 
function . 186 Not only is the elaboration of 
gonadotrophic hormones of the pituitary 
diminished by excessive gonadal hormone 
administration, but also all of the other 
secretions of the hypophysis are depressed. 
If adrenotrophic hormone from the pituitary 
is decreased, the release of sex steroids by 
the adrenal cortex is concomitantly lowered 
as Long and his collaborators have shown . 187 

There also are both experimental and 
clinical observations which suggest that 
androgen may peripherally antagonize the 
cilects of estrogen. Thus, Shorr and his 
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associates 188 have shown that the cornifymg 
action of estrogen on the vaginal epithelium 
of postmenopausal women can be reversed 
by simultaneous administration of testo- 
sterone. The experiments of Robson 189 on 
ovariectomized mice, in which vaginal 
cornification by estrogen was prevented by 
concomitant administration of androgen, 
also indicate a peripheral neutralizing 
action of testosterone. It is to be noted, 
however, that the evidence for a direct 
peripheral antagonism of the sex hormones 
is subject to question inasmuch as the con- 
tribution of the adrenal sex steroids has not 
been controlled in these experiments. There 
is circumstantial evidence indicating that a 
minute amount of progesterone is necessary 
for the complete response of estrogen in an 
appropriate end organ. It has been shown 
that progesterone is elaborated by the 
adrenal cortex, and it is presumed that it 
is this source of progesterone which makes 
possible the evident complete replacement 
of the follicular hormone by synthetic estro- 
gens after ovariectomy. In experimental 
animals such as the hamster, in which no 
progesterone is elaborated by the adrenal 
cortex, it is impossible to duplicate the 
characteristics of estrus by estrogen ad- 
ministration after castration. Thus, the 
experiments which purport to demonstrate 
a peripheral antagonism of estrogen and 
androgen may, in fact, conceivably be 
another manifestation of pituitary inhibi- 
tion in which the adrenotrophic hormone 
is suppressed. 

In addition to the antagonism of estrogen 
by androgen it is necessary to consider 
another physiologic action of testosterone 
which may be significant in understanding 
the results of therapy with this hormone in 
breast malignancy. Albright , 190 - 191 Ken- 
yon , 192 Abels et al . 193 and others have shown 
that testosterone affects protein metabolism 
in man. From their observations that ad- 
ministration of the hormone is followed 
by a positive nitrogen balance without 
elevation of the serum non-protein nitrogen 
they concluded that protein anabolism is 
stimulated or protein catabolism is in- 
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hibited. It has also been shown that testo- 
sterone induces a positive calcium balance. 
Albright presents an attractive hypothesis 
in which the mechanism of this observation 
is ascribed to increased osteoblastic activity 
with deposition of calcium in bone. 100 

Clinical Application. Androgen: Metastases 
from carcinoma of the breast may be 
limited to the soft tissue or to the skeletal 
system or they may involve both soft tissue 
and bone. As will be seen in the following 
comments the localization of metastatic car- 
cinoma of the breast appears to be a signifi- 
cant factor in the response to chemotherapy. 

In 1 942 Farrow and Woodard 104 reported 
a carefully observed series of thirty-three 
patients with bony metastases who received 
testosterone propionate in doses of 5 to 
25 mg. on six to twelve occasions. Their 
results were, on the whole, discouraging 
and in fact they presented evidence which 
indicated that in some instances the progress 
of the neoplasm was accelerated. However, 
in 1946 Herrmann and Adair 195 published 
results of androgen therapy of metastatic 
breast carcinoma which were more en- 
couraging. To date Adair and his associates 
have reported twenty-seven cases of patients 
with advanced carcinoma of the breast 
treated with testosterone propionate, giv- 
ing data in sufficient detail for tabulation 
of results. 195-107 In later communications 
Adair stated that 450 patients had been so 
treated but gave no details. 108,100 Prelimi- 
nary reports by Schwander and Marvin, 200 
Jones 201 and Davison and Letton 202 sub- 
stantially confirm the observations of the 
Memorial Hospital group. 

At the present time the recommended 
dosage of testosterone propionate is 1 00 mg. 
by intramuscular injection three times 
weekly for a period of eight to ten weeks. 
This total dosage of 2,400 to 3,000 mg. is 
far in excess of that employed by Farrow 
and Woodard and may be significant in 
explaining the difference in clinical re- 
sponse noted by the two groups. 

Table, in presents a brief summary of the 
results of androgen therapy in the twenty- 
seven cases reported by Adair and his 


associates. The pertinent facts were ab- 
stracted from the published case histories. 
As can be seen testosterone is rarely effica- 
cious in the control of soft tissue metastases 
of carcinoma of the breast and the course 
of the lesion is not altered. However, of the 
fifteen patients with osseous involvement 
by the malignancy, only two patients failed 
to receive any benefit. In the remaining 
thirteen individuals the pain produced by 
the bone metastases was relieved and there 
was a feeling of well being. Occasionally, 
there was roentgen evidence of bone healing, 
however, this was only temporary. Whether 
or not life has been significantly prolonged 
in the patients with osseous metastases is 
difficult to state. Reference to the table 
shows that in ten of these fifteen patients 
there was either marked dissemination of 
the disease in the osseous system or the 
appearance of soft tissue metastases. In the 
latter group it would be anticipated that 
death would occur within one year. 

Associated with the relief of bone pain 
following testosterone therapy, there are 
changes in the blood chemistry which are 
of importance in evaluating the success of 
therapy in the presence of osseous metasta- 
ses. The serum calcium is usually elevated 
above the normal concentration. Following 
administration of androgen, the calcium 
level drops toward normal. This is inter- 
preted as evidence of deposition of calcium 
in new bone. In two of the reported cases 
the calcium concentration rose following 
testosterone, with mild symptoms of cal- 
cium intoxication; x-ray examination of 
the metastatic lesions in the bones revealed 
progression in both instances. It therefore 
may be concluded that a significant eleva 
tion of the calcium level during testosterone 
treatment is an indication to discontinue 
therapy as it is probable that the malignan 
cells are being stimulated rather than 
depressed. In the majority of successful y 
treated patients the serum alkaline phos- 
phatase rose as the calcium fell, indicating 
increased osteoblastic activity. In these 
patients there was also a gain in weight up 
to almost 10 Kg. which was promptly lost 

AMERICAN JOURNAI. OF MEDICINE 



Chemotherapy of Malignancy —Gellhorn, Jones 


when the therapy was discontinued. This 
probably is largely due to the effect of 
testosterone on nitrogen retention rather 
than an expression of increased caloric 
intake since it did not persist even though 


Estrogen: Estrogenic therapy of carci- 
noma of the breast has also been reported. 
The proposed rationale is highly speculative, 
and is perhaps most significant as an expres- 
sion of the great need for better understand- 


Table iii 


RESULTS OF ANDROGEN THERAPY IN TWENTY-SEVEN PATIENTS WITH METASTATIC CARCINOMA 

OF THE BREAST 


Case 

No.* 

Age 

Evident 
Distribution 
of Disease 

Duration 

of 

Remission 

(months) 

Remarks 

1A 

63 

Soft tissue 

'5 

Died of disease nine months after institution of therapy 

Not ei 

ven 

Soft tissue 

0 

Died with pulmonary metastases without response 

Not given 

Soft tissue 

0 

Died with liver metastases without response 

Not given 

Soft tissue 

0 

Died of disease; no response to therapy 

Not given 

Soft tissue 

0 

Died of disease; no response to therapy 

Not triven 

Soft tissue 

0 

Died of disease; no response to therapy 

IB 

39 

Soft tissue 

0 

Living one year after onset of therapy; disease constantly progressive 

2B 

56 

Soft tissue 

0 

Terminal six months after institution of therapy 

3B 

54 

Soft tissue 

0 

Living fifteen months after onset of androgen therapy; lesion controlled 
by x-ray 

4B 

52 

Soft tissue 

0 

Living two months after institution of androgen therapy; lesion progressive 

5B 

40 

Soft tissue 

0 

Living three months after institution of androgen therapy; no improvement 

6B 

27 

Soft tissue 

3.5 

No further follow-up report 

2A 

47 

Osseous 

5 

Evidence of cerebral metastases plus pulmonary metastases developed; 
terminal eight months after institution of androgen therapy; no recurrence 
of bone metastases 

3A 

42 

Osseous and 
soft tissue 

9 

Terminal thirteen months after institution of androgen therapy with wide- 
spread osteolytic lesions of bone 

4A 

44 

Osseous 

18 

Asymptomatic at last report; has received repeated courses of androgen 
therapy 

Not given 

Osseous 

0 

Calcium intoxication and rapid progression of osteolytic lesions 

1C 

60 

Osseous 

8 

Asymptomatic at last report 

2C 

59 

Osseous 

6 

Asymptomatic at last report 

3C 

59 

Osseous 

6 

Asymptomatic at last report 

4G 

43 

Osseous 

3 

Asymptomatic at last report 

SO 

58 

Osseous 

6 

Asymptomatic at last report but evidence of progression of metastatic lesions 

6C 

40 

Osseous 

7 

Asymptomatic at last report; progression of osteoblastic metastases 

7C 

45 

Osseous 

4 

Pulmonary metastases appeared at this time; no follow-up 

8C 

55 

Osseous and 
soft tissue 

1 

Progression of pulmonary metastases 

9C 

39 

Osseous 

1 

Terminal four months after institution of androgen therapy, with evidence 
of progression of bone metastases 

IOC 

62 

Osseous 

0 

Died two months after institution of therapy 

lie 

53 

Osseous 

5 

Evidence of liver metastases at this time 


The letters after the case numbers refer to the source of the information. A, 186 ; B 186 ; C, 107 . 


the patient remained asymptomatic and 
the caloric intake remained constant. 

The side effects of testosterone consisted 
of hirsutism, acne vulgaris, deepening of the 
voice, suppression of menstruation and 
increased libido with enlargement of the 
clitoris. None of these masculinizing effects 
necessitated discontinuance of the drug. 
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ing of the biology of this disease. From the 
fact that the incidence of malignant tumors 
of the breast is high between the ages of 
forty and sixty years and the fact that this 
is also the age range in which the incidence 
of menopause is highest the following hy- 
pothesis has been set forth : 203 With the onset 
of the climacterium, there is either atrophy 
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or dysfunction of the ovaries with an over- 
secretion of hormones of the anterior 
pituitary (follicle-stimulating hormone, lu- 
teinizing hormone and prolactin) and con- 
comitantly there is an alteration in the 
cellular activity of breast tissue. An im- 
balance develops between the various endo- 
crine glands resulting in thyroid hypo- or 
hyperactivity and possibly in hyperactivity 
of the suprarenal cortex. The cellular 
activity of the breast, no longer under the 
control of ovarian hormones and possibly 
stimulated by other hormones, becomes 
abnormal and in certain instances frank 
malignancy develops. Thus, the replace- 
ment of estrogenic hormone by restoring the 
normal hormone balance might provide an 
environment in which the malignant cells 
are unable to survive. 

An alternate rationale for the use of 
estrogens in carcinoma of the breast has 
been suggested by the observation of 
Haddow that carcinogenic hydrocarbons 
under certain conditions possess the property 
of retarding the growth of normal and ma- 
lignant tissue in experimental animals. 204 
On the assumption that estrogens are sig- 
nificant in the etiology of human carcinoma 
of the breast they theoretically might also 
retard the growth of the tumor. 

These hypotheses have been put to 
clinical test in a number of patients and the 
result in more than 300 cases have been 
reported in the literature. In a symposium 
on the subject 205 ten British observers pooled 
their experience with 168 patients. Of 
these, one hundred were less than and 
sixty-eight were over sixty years of age. 
Although detailed reports are not available, 
it may be inferred from the discussion that 
under the age of sixty, estrogen therapy 
accelerated the progress of malignancy and 
was therefore definitely contraindicated; in 
patients over sixty there was regression of 
the soft tissue metastases and of the primary 
tumor in approximately 50 per cent of the 
cases. There is no follow-up report on these 
patients so that it is impossible to make any 
statement about the effect of estrogen 
therapy on prolongation of life. Haddow 


and his associates, 200 Nathanson 207 and 
Herrmann et al. 208 also have treated pa- 
tients with synthetic and natural estrogens 
with similar results. ' 

Comment. From the evidence presented 
it may be concluded that large doses of 
androgenic hormone will provide relief of 
pain and a subjective sense of well being 
in patients with carcinoma of the breast 
metastatic to bone. Although objective 
x-ray evidence of bone healing is rarely 
seen, there frequently are changes in the 
blood chemistry which would indicate that 
reparative processes in the bone are occur- 
ring. In any event it is apparent that the 
therapy provides only temporary palliation. 

The possible mechanisms for the ob- 
served effects of androgens in carcinoma 
of the breast have been discussed. In view 
of the marked difference in the clinical 
response to androgen therapy depending 
upon the localization of the metastases it is 
questionable whether antagonism of estro- 
gen by testosterone plays any significant 
part in the results. It is difficult to believe 
.that antagonism of estrogen would be ef- 
fective in retarding neoplastic growth in 
the bone but be ineffective when the same 
neoplasm was growing in soft tissues. A 
more acceptable explanation for the ob- 
served effects of testosterone therapy of 
breast cancer may be derived from the 
known changes in protein and calcium 
metabolism produced by this hormone. 
The fact that responses are limited to those 
patients with osseous metastases is then 
more understandable. 

Radiotherapy has been employed ef- 
fectively in the palliation of metastatic 
breast carcinoma to the bones and with 
less regular success in the soft tissue me- 
tastases for a long period of time. 1 Since 
this is so, it may justifiably be asked why 
androgen therapy should be considered. 
There are at least three situations in which 
this form of chemotherapy of inoperable 
carcimona of the breast with osseous me 
tastases is indicated: (1) when radiotherapy 
is not available, (2) when the dissemination 
of symptomatic metastatic lesions in the 
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skeletal system is so great that radiotherapy 
is not practical and (3) when it is no longer 
permissible to employ radiotherapy because 
the pain has not responded to x-ray treat- 
ment, the tumor has become refractory to 
x-ray or the skin overlying the involved 
area cannot withstand further radiation. 

Estrogen therapy of carcinoma of the 
breast should be reserved for patients who 
are well past the menopause and who have 
radioresistant soft tissue metastases. Under 
these conditions estrogens may be em- 
ployed as a last resort. It is necessary to 
observe the patient closely during therapy 
so that the drug can be discontinued with 
the first evidence that the neoplasm is being 
stimulated rather than depressed. 

NITROGEN MUSTARD 

Background and Rationale. The emergence 
of nitrogen mustard as a significant chemo- 
therapeutic agent against malignancy is a 
fascinating and dramatic story. The de- 
velopment of nitrogen mustard is inex- 
tricably linked to the World War i vesicant 
agent, “mustard gas.” Dichloroethyl sul- 
fide, popularly known as yellow cross gas, 
Lost and Yperite as well as mustard gas, 
was first prepared by Richie in 1854, inde- 
pendently synthesized by Gutherie and 
Niemann in 1860 and fully described both 
chemically and physiologically by Victor 
Meyer in 1886. 209 These chemists appreci- 
ated the highly toxic actions of the com- 
pound and Meyer noted that even more 
striking than its vesicant properties was its 
lethal action in small doses when adminis- 
tered parenterally. 

During the spring of 1917 the Germans 
carried out secret field tests with such satis- 
factory results that they adopted dichloro- 
ethyl sulfide as an artillery-shell filling and 
accumulated a large quantity of these 
(yellow cross) shells before the Allies were 
aware of this development. On the night of 
July 12, 1917, the Germans loosed an 
aitillery bombardment against the British 
front near Ypres in Flanders. An indication 
0[ the devastating effect produced by this 
agent is given in the statistics of the first 
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three weeks of mustard gas use. Fourteen 
thousand, two hundred seventy six cases of 
gas-shell poisoning were admitted to the 
British casualty stations and about 500 
deaths occurred among these patients. 210 

Descriptions of mustard gas intoxication 
soon appeared in the medical literature. 
At first attention was focused on the local 
actions as manifested by skin vesication 
which frequently progressed to deep ulcers, 
conjunctivitis, photophobia and lacrima- 
tion, irritative laryngitis, bronchitis with 
intractable cough, aphonia and often sec- 
ondary bronchopneumonia. 211,212 Somewhat 
later, however, it was appreciated that 
serious systemic toxicity was not uncom- 
mon, and the Krumbhaars called attention 
to the characteristic finding of leukopenia 
in the fatal cases due to marked depression 
of the bone marrow function. 213 Laboratory 
studies were carried out in order to define 
the mechanism of action of dichloroethyl 
sulfide, and by the termination of the war 
the hypothesis of Lynch, Smith and Mar- 
shall 214 was largely accepted. These workers 
believed that the lipoid solubility of the 
compound facilitated its localization in the 
cell. At this site hydrolysis took place with 
the liberation of hydrochloric acid thereby 
producing a cytotoxic effect. 

In the interim between World Wars i 
and n there was continued activity in the 
chemical warfare laboratories of the French 
and Germans. By the time the United 
States entered the war it was known that 
the enemy had available, in addition to 
dichloroethyl sulfide and other potential 
chemical warfare agents, the nitrogen 
analogs of mustard gas, the so-called 
nitrogen mustards. The Allies strongly 
believed that advances in the treatment 
of gas casualties could be made only when 
the mechanism of action of the toxic agents 
was better understood. To this end chemical, 
physiologic and pharmacologic studies were 
initiated in university and government 
laboratories. Observations on the biologic 
actions of nitrogen mustards were greatly 
facilitated by the fact that crystalline hydro- 
chloride salts of these compounds could be 
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prepared. Gilman and Philips have sum- 
marized the pharmacology of the nitrogen 
mustards . 215 Clinical applications of these 
compounds in the therapy of malignant 
lymphomas was suggested loy the suscepti- 
bility of lymphoid tissue to the cytotoxic 
action of the nitrogen mustards in sub- 
lethal doses. 

Mechanism of Action. A clear understand- 
ing of the pharmacologic actions of nitrogen 
mustards depended upon clarification of the 
chemistry of the compounds . 216 ' 230 Stein, 
Fruton, Stahmann, Bergmann and Golum- 
bic demonstrated in a series of experiments 
that the stable, crystalline nitrogen mustards 
and sulfur mustard undergo transformation 
to a cyclic onium cation when they are put 
into solution at the pH of body fluids, with 
the liberation of Cl - which is highly reactive 
chemically. This ring formation, using 
methyl bis (jS-chloroethyl) amine (the ni- 
trogen mustard most widely used thera- 
peutically) as the example, may be thus 
illustrated: 


limited to the biologic effects produced 
with doses comparable to those in human 
therapy. Under these conditions the out- 
standing actions of the drug are reflected 
in the response of hemopoietic tissue and 
the gastrointestinal tract . 237 ' 239 After in- 
travenous administration to a normal dog 
there is a latent period of one-half to one 
hour during which the animal appears 
entirely unaffected. The dog then begins to 
salivate and this is quickly followed by 
vomiting. The vomiting may continue 
intermittently for a period of several hours. 
The mechanism of the emesis is presumed 
to be a reflex initiated in the gastrointestinal 
tract because as the dose of nitrogen mustard 
is increased the gastrointestinal symptoms 
become more severe with protracted vomit- 
ing, diarrhea and histologic evidence of 
hemorrhagic necrosis of the gut epithelium. 
Within twenty-four hours after the injection 
of nitrogen mustard the leukocytes of the 
peripheral blood begin to decrease and a 
differential examination reveals a relative 


CHoCH 2 CI 

/ 

CH 3 — N 

\ffTCHnCl 

It was quickly appreciated that the 
biologic activity of the nitrogen mustards 
was dependent upon the ring form which 
reacted avidly with a great variety of func- 
tional groups of compounds with physiologic 
significance. For example, the reaction of 
the ethylene immonium cation with com- 
pounds having sulfhydril groups may be 
diagrammed : 


CH 3 — +N 


/ 


CH 2 CH 2 


+ cr 


CH0CH0CI 


lymphocytopenia. In the next few days 
there is further depression of the white 
blood count and granulocytopenia de- 
velops. The bone marrow at this time is 
hypoplastic with a decrease of all elements 
and the lymphoid tissue of the body shows 
widespread destruction. With these doses, 
thrombocytopenia is inconstantly present 
and anemia is not observed for severa 


CH 2 CH 2 


CH 3 — f N' 
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+ R-SH >CH 3 N +H+ 

\ 
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Many pharmacologic actions of the 
nitrogen mustards have been described, 
these depending upon the dose adminis- 
tered . 215,231 ' 242 Comments, however, will be 


weeks, if at all, probably due to the ^ n " cr 
life span of erythrocytes as compared witn 
other cells. At this dosage level the depres- 
sion of hemopoiesis is reversible and wit in 
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these were found very similar quantitatively 


three weeks the bone marrow and peri- 
pheral blood picture are normal. 

The site of cellular action of the nitrogen 
mustards has been localized in the nucleus. 
In a fascinating series of experiments 
Bodenstein and Gillette have observed the 
morphologic changes in embryonic cells ex- 
posed to low concentrations of the drug. 243 ’ 244 
Directing their attention especially to the 
exposed ectoderm of Amblystoma puncta- 
tum they noted that all mitotic activity 
had come to a standstill forty-eight hours 
after exposure to nitrogen mustard. The 
cells were arrested in the interphase state 
of their mitotic cycle. However, the nuclei 
of these cells continued to grow, attained a 
giant size and ultimately broke down into 
a number of roundish fragments. Frieden- 
wald and his colleagues studied the cellular 
changes induced by nitrogen and sulfur 
mustard in adult tissue. 245,246 Their test 
object was the corneal epithelium of the 
rat. Exposing the eye to very dilute solutions 
of the mustards, they also observed nuclear 
fragmentation and death of the cell. They 
concluded that this phenomenon was a 
form of pathologic mitosis. Friedenwald 
reported that death of the corneal epithe- 
lium, characterized by karyolysis and by 
pyknosis, was produced by progressively 
increasing the dose of mustards. 

That the mustards can affect the most 
intimate physiologic mechanisms of the 
cell nucleus is shown by the experiments of 
Auerbach, Robson and Carr. These in- 
vestigators exposed the fruitfly, Drosophila 
melanogaster, to low concentrations of sul- 
fur mustard and observed striking chromo- 
somal alterations as manifested by increased 
incidence of sex-linked lethal genes and 
chromosomal transformations. 247,248 Stah- 
mann and Stauffer 249 induced mutants in 
Pcnicillium notatum by exposing the spores 
to nitiogen mustards, and Horowitz and 
his associates produced mutations chemi- 
cally in Neurospora crassa. 250 In all of these 
investigations the effects of the mustards 
on chromosomes were compared with 
those pioduccd by radiant energy and 

f ‘ e n r u a r y , 194 9 


and qualitatively. 

It has been repeatedly noted by the 
investigators who have studied the bi- 
ologic actions of the mustards that these 
chemicals mimic the effects of x-ray and 
ultraviolet radiation to a remarkable de- 
gree. 24 6,254,262 It is possible that a clear 
understanding of the mechanism of action 
of the mustards will also provide some 
insight into the mechanisms whereby radi- 
ant energy produces its effects on cells. 

Clinical Application. Following the phar- 
macologic observations on the cytotoxic 
effects of the nitrogen mustards (bis and 
tris (/3-chloroethyl) amines) on a variety of 
histologic cell types, Goodman, Gilman and 
their associates and Jacobson and his 
colleagues initiated therapeutic trials with 
these drugs in humans. 253,259 Striking results 
in neoplasia of the lymphatic and hemo- 
poietic systems prompted a more extensive 
study under the direction of the committee 
on Growth of the National Research Coun- 
cil. It would be premature to draw final 
conclusions regarding the chemotherapeutic 
efficacy of the nitrogen mustard compounds 
used clinically thus far or to assume that 
related compounds with a higher selectivity 
of action for neoplastic tissue will not be 
forthcoming. Attention should be called to 
the fact that no cures have been reported 
in any' of the numerous types of disease 
processes in which these drugs have been 
used and it should be stressed that therapy 
with nitrogen mustards (abbreviated HN) 
therefore remains only palliative in nature. 

Administration. Because of the high inci- 
dence of phlebothrombosis at the injection 
site and the quantitatively greater leuko- 
penia following its use, as well as the failure 
to demonstrate superior clinical results to 
those seen with the methyl bis (/3-chloro- 
ethyl) amine (HN 2 ), the tris (/3-chloro- 
ethyl) amine (HN 3 ) has been largely 
discarded as a therapeutic agent in favor of 
HN 2 . Most clinical reports deal with results 
obtained with this latter drug although 
observations on new compounds are being 
made. 264 HN 2 is dispensed in sterile bot- 
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ties containing 10 mg. of the drug as the 
hydrochloride. In clinical practice the crys- 
talline material is dissolved by the addition 
of 10 cc. of sterile 0.9 per cent saline to the 
bottle, the calculated dose is withdrawn 
in a sterile syringe and injected within 
five minutes after mixing into the rubber 
tubing of a rapidly running intravenous 
infusion. The commonly employed dosage 
schedule is 0.1 mg. of HN 2 per Kg. of body 
weight daily for four days, giving a total 
of 0.4 mg. per Kg. of body weight per 
course of therapy. Variations of this schedule 
can be utilized, such as 0.2 mg. per Kg. of 
body weight on two successive days; or 
one can use either of these dosage schedules 
with rest days between successive doses in 
the case of debilitated or frail patients. 
Neoplasms rarely are susceptible to doses 
as small as 0.04 mg. per Kg. of body 
weight. 255 Because of the narrow margin 
between the therapeutic and toxic ranges, 
doses in excess of those mentioned are 
hazardous. 250 Hypnotic doses of barbiturate 
compounds administered an hour before 
and immediately after each treatment fre- 
quently diminish nausea and vomiting 
following drug injection. Other measures 
such as pyridoxine and antispasmodics 
have not significantly alleviated these toxic 
side reactions. Subsequent courses of therapy 
should be undertaken only after careful 
evaluation of the response of the bone mar- 
row and neoplastic process to the initial 
course of treatment. Spurr has stated that 
six weeks should elapse between courses 200 
while others 258 wait only two weeks in some 
cases before resuming mustard therapy. 

The decision as to whether patients should 
be hospitalized for treatment depends largely 
on their general state of health, the extent 
of the neoplastic or other disease process to 
be treated, and the clinical facilities avail- 
able. Suffice it to say that therapy should 
be assiduously supervised and post-treat- 
ment observation for signs of drug toxicity 
should be insured. In most clinics careful 
check on the peripheral blood picture is 
made frequently, beginning several days 
after the completion of a course of therapy 


until marrow regeneration is nearing com- 
pletion (usually two, occasionally three 
weeks later). Follow-up studies, such as 
marrow or tumor biopsies, x-rays, photo- 
graphs, etc., are of the greatest clinical 
importance in evaluating the therapeutic 
response and should be resorted to as fre- 
quently as possible. 

Toxicity. Early workers conclusively 
showed that the nitrogen mustards were 
not tumor-selective in their action but 
damaged other cell types as well. To date 
no compound has been found with highly 
specific affinity for neoplastic tissue alone. 
Due to the lack of selectivity of action with 
currently used drugs damage to other tis- 
sues is reflected in the form of several types 
of toxic reactions which may be conven- 
iently grouped into immediate and late 
effects: 

Immediate Toxic Effects: (1) Pain at the 
injection site has been most frequently seen 
when active nitrogen mustard has come 
into contact with subcutaneous tissues due 
to faulty venipuncture technic. Areas so 
contaminated may undergo necrosis and 
ulceration but usually progress only to 
moderate inflammation and subsequent 
healing wi th induration and pigmentation/ 

(2) Phlebothrombosis at injection sites was 
observed more frequently in earlier clinical 
trials with HN 3 . Present use of HNj ad- 
ministered into the rubber tubing of a 
rapidly flowing intravenous infusion has 
reduced this complication to a rarity. 

(3) Nausea and vomiting are seen in a 
high percentage of patients within one to 
eight hours after treatment, persisting as 
long as forty-eight hours thereafter in some 
patients. The severity and duration of sue i 
symptoms appears to be a function of in i 
vidual susceptibility, age of the patient ( ess 
frequent in children) and adequacy o 
sedation rather than the size of the ose 
administered. Administering the drug sev- 
eral hours after the last meal of the day to 
a patient who is under proper sedation, 
appears to be of real benefit in decreasing 
or obviating the emetic effects of ticse 
compounds. 255 Accompanying these gastro- 
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intestinal disturbances, transient anorexia, 
weakness, headache and weight loss of 
several pounds are the rule for the next 
twenty-four to forty-eight hours. 

Delayed Toxic Effects: Available data indi- 
cate that delayed toxic effects are limited 
to the hemopoietic system at therapeutic 
dosage levels and constitute the most 
potentially dangerous toxic manifestations 
of nitrogen mustard therapy. Cytotoxic 
action on bone marrow and lymphatic 
tissue may progress to complete aplasia of 
the former and widespread fragmentation 
of the latter. Careful clinical studies of 
these phenomena by several groups 258-260 
will be briefly summarized. 

Peripheral Blood — The initial change noted 
is a lymphocytopenia appearing within 
twenty-four hours after initiation of therapy 
and progressively increasing over the en- 
suing six to eight days, with a return to 
normal levels within two weeks. Monocyte 
levels parallel the changes seen in the lym- 
phocyte series. During the maximum de- 
pression period degenerating cells of these 
two series have been seen in Hodgkin’s 
disease patients and attention is called to 
their resemblance to blast forms in stained 
smears. 200 Along with these changes the 
total leukocyte count declines progres- 
sively for fifteen to twenty-one days to 
variable levels, this fall being largely due 
to neutropenia. Degenerative morphologic 
changes in the granulocytes and the appear- 
ance of myelocytes in the blood smear may 
be seen during development of this leuko- 
penia. Recovery may be heralded by a 
monocytosis with a “shift to the left” in 
the granulocytes and is usually complete 
within the ensuing two weeks. Although 
profound leukopenia and granulocytopenia 
have been induced in some patients by 
nitrogen mustard compounds, the “agranu- 
locytic syndrome” with indolent and serious 
infections has not been reported. This is, no 
doubt, attributable in part to the prophy- 
lactic use of penicillin, blood transfusions 
and other supportive measures; however, 
equally important is the fact that bone 
marrow function returns promptly. Pent- 
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nucleotide, ferrous adenylate, leukocytic 
extracts, folic acid and whole blood have 
not hastened marrow recovery. 259 

Variable degrees of thrombocytopenia 
are seen during the third week after a course 
of therapy, occasionally progressing to low 
levels with purpura, impaired clot retraction 
and prolonged bleeding times. A return of 
platelets to normal levels within the ensuing 
seven to ten days is the rule. Recently a co- 
agulation defect characterized by prolonged 
clotting time has been described in some 
patients and in experimental animals two 
weeks following nitrogen mustard adminis- 
tration. 282 The evidence indicates that this 
may be due to hyperheparinemia inasmuch 
as it can be quickly corrected by parenteral 
injection of toluidine blue or protamine. 

A slight fall in hemoglobin, rarely ex- 
ceeding 1 Gm. per cent, and a decrease in 
red blood cell count with concomitant 
depression of reticulocytes may be seen 
during the first two weeks after a course of 
treatment, and occasionally a rise in 
reticulocytes can be detected two to three 
weeks post-therapy. These findings are of 
little clinical consequence, however, since 
an improvement in pre-existent anemia is 
common in patients responding favorably 
to the nitrogen mustards. 

Bone Marrow — Serial studies of bone mar- 
row have demonstrated cytotoxic effects of 
the mustard compounds on both mature 
and immature elements, with progression 
to almost total aplasia at high dosage levels. 
The extreme importance of this observation 
must be borne in mind when successive 
courses of therapy are initiated. No cumu- 
lative effects on the marrow have been 
reported in those patients in whom suffi- 
cient time for complete marrow regeneration 
has elapsed between courses of nitrogen 
mustard. Spurr believes that on the basis 
of his observations recovery cannot be con- 
sidered complete for six weeks. 259,260 

Cither toxic effects — Studies of hepatic and 
renal function have disclosed no evidence 
of toxic effects on these organs following 
HN therapy. 6 



Chemotherapy of Malignancy —Gellhorn, Jones 


cases of chronic leukemia, inoperable car- 
cinoma of the lung of anaplastic histology 
and mycosis fungoidcs. To say that these 
arc the drugs or treatments of choice is not 
justified according to available evidence. 
Such factors as degree of dissemination, 
with or without obstructive phenomena 
from tumor masses, rcfractivcncss to other 
forms of therapy and level of peripheral 
blood cell values will, in the final appraisal 
of the patient, dictate the course of action 
to be taken. 

In acute leukemias, squamous cell carci- 
noma of the lung, carcinoma of the oral 
cavity, gastrointestinal and genito-urinary 
tracts, central nervous system tumors and 
most types of sarcomas not included in the 
preceding categories little or no justification 
for mustard chemotherapy exists. In the 
case of acute leukemias, regardless of cell 
type, use of these drugs may accelerate the 
progress of the disease to an earlier fatal 
termination on the basis of some reports. 2 '’’ 3 

An intermediate group of conditions 
exists, including multiple myeloma, neuro- 
blastomas, Ewing’s tumor of bone, lympho- 
cpithciioma (Schminckc tumor) and Bocck’s 
sarcoid, in which further clinical trial is 
needed to appraise the merits of alkylaminc 
therapy. In this connection it can be said 
that a therapeutic trial may be the only 
means of determining the efficacy of these 
compounds in a given patient, and certainly 
there should be no hesitation in offering 
this group of patients the chance of effective 
palliative measures when usual ones have 
failed. 

Future developments in the field of tumor 
chemotherapy will undoubtedly change 
this picture since an enormous number of 
related alkylamines remain untried clinically 
or in the laboratory. The ideal drug would 
exhibit no toxic side actions and would 
possess cytotoxic effects confined to patho- 
logic tissue. None such has yet been found. 

CONCLUSION 

The foregoing presentation did not in- 
clude all of the chemical agents currently 
employed in the treatment of malignant 


disease. Karnofsky’s recent review includes 
a number of agents not discussed herein. 286 
Notably omitted from the discussion was 
the radioactive isotope group of drugs. 
These agents have contributed and 
undoubtedly will increasingly contribute sig- 
nificantly to the therapy of cancer. How- 
ever, since they constitute a specialized form 
of radiotherapy, they were considered to 
be outside the scope of this paper. 

From the survey which has been made 
it is possible to draw certain specific con- 
clusions. It is believed that the available 
evidence warrants the following applica- 
tions of cancer chemotherapy in medical 
practice: (1) androgen control therapy of 
prostatic malignancy when the neoplasm 
has extended beyond the confines of the 
gland; (2) urethane in the therapy of 
chronic myeloid and lymphatic leukemia 
when radiotherapy is not available or 
is contraindicated; (3) nitrogen mustard 
therapy of disseminated malignant lym- 
phomas cither as an adjunct to radiotherapy 
or as an alternate form of therapy. 

It is further believed that the following 
agents merit trial after conventional therapy 
has proved without avail: (1) androgenic 
hormone in carcinoma of the breast with 
skeletal mctastascs and (2) stilbamidine in 
multiple myeloma in the presence of 
intractable pain. 

Finally, it is our belief that (1) there is no 
objective indication that antireticular cyto- 
toxic scrum and ptcroyltriglutamic acid 
(tcropterin) have any effect on malignant 
disease and they should therefore not be 
employed; (2) use of estrogen in the therapy 
of carcinoma of the breast with soft tissue 
metastases in postmenopausal women has 
not been sufficiently explored to recom- 
mend its general employment; (3) products 
of micro-organisms have real potentialities 
as carcinolytic agents but their value in t ic 
therapy of human neoplastic disease ias 
not been demonstrated up to the present. 

It is apparent that there are sevcie 
limitations to the chemotherapy of cancer 
at this time. None of the agents discusse 
has cured cancer and in most instances t ic 
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beneficial effects have been relatively transi- 
ent. Frequently, these facts are interpreted 
as conclusive evidence that the cure of 
disseminated malignant disease presents a 
hopeless problem. This would appear to 
be a superficial evaluation for the fact 
remains that several of the drugs which 
have been discussed destroy malignant 
cells without destroying the host. To 
reconcile this undeniable evidence with 
the observation that only remissions and 
not cures are produced by chemotherapy 
in malignant disease is not easy. One 
explanation which is compatible with the 
facts is that among the cells of a susceptible 
tumor there is variation in resistance to the 
cytotoxic agent which may be a primary 
or an acquired characteristic. This would 
be analogous to the situation encountered 
in infection when micro-organisms become 
resistant to chemotherapeutic drugs. The 
problem of drug-resistant micro-organisms 
has been largely overcome by utilizing 
several effective antimicrobial agents either 
simultaneously or in alternate therapeutic 
courses. When it is recalled that androgen 
control therapy of prostatic malignancy, 
urethane and nitrogen mustards have all 
been developed within the past seven years, 
it does not seem unreasonable to anticipate 
additional potent carcinolytic agents in the 
not too distant future. With an enlarged 
therapeutic armamentarium, the possibili- 
ties for a combined attack on malignant 
disease offer an attractive and hopeful 
prospect. 
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Seminars on Congestive Failure 


The Role of the Cardiac Output in the 
Mechanisms of Congestive Heart Failure* 


Eugene A. Stead, Jr., m.d. 
Durham, North Carolina 


S ymptoms of heart disease are of two 
types: (1) those caused by failure of 
the heart as a pump and (2) those 
caused by local ischemia of heart muscle. 
It is common clinical knowledge that the 
patient may have angina pectoris without 
congestive failure or congestive failure with- 
out angina. In the first instance the heart 
responds normally to exercise with an in- 
crease in cardiac output. A local area of the 
heart muscle increases its metabolism with- 
out being able to increase its blood supply 
proportionately because of coronary artery 
disease. Substances which accumulate in 
working muscles poorly supplied with blood 
stimulate sensory nerve endings and the 
subject is conscious of substernal pain. The 
heart pumps the required amount of blood 
for the needs of the body and pain stops 
further exertion. In the second instance, 
the heart does not perform its work well 
as a pump. Symptoms from this cause limit 
exertion before an area of local ischemia 
occurs. The picture is that of congestive 
heart failure rather than angina pectoris. 

Congestive heart failure differs from the 
circulatory failure commonly produced by 
various means in the laboratory in that the 
arterial pressure is well maintained and 
that the condition lasts for days, weeks and 
years. The symptoms of congestive failure 
can be divided into two groups: (1) those 
resulting from the inability of the heart to 
increase its output normally in response to 
increased peripheral need for blood. The 
muscular weakness of congestive failure is 
a familiar example. (2) Those resulting 


from congestion and edema of the lungs, 
liver, skin and other organs. There has been 
no controversy about the first group of 
symptoms. There has been little agreement 
about the chain of events leading to con- 
gestion and edema. 

It has seemed logical to relate the conges- 
tion and edema of the various organs to the 
failure of the heart as a pump. Accordingly, 
the cardiac output has been investigated in 
normal subjects and in those with con- 
gestive heart failure. The methods in which 
a foreign gas has been used have been 
largely replaced today by the method of 
right heart catheterization utilizing the 
Fick principle. This technical advance has 
allowed the study of patients who were too 
ill to cooperate actively in the breathing 
maneuvers required by the foreign gas 
methods. 

As measured by the technic of right heart 
catheterization, the cardiac output in nor- 
mal subjects under basal conditions is 
around 3.3 L. per minute per sq. M. of 
body surface. 1 The spread of values foi 
normal, relaxed, fasting subjects is con- 
siderable, ranging from 2.3 to 4.1 L. The 
output is increased by apprehension, exer- 
cise, sudden lowering of peripheral resist- 
ance, intake of food and administration of 
epinephrine. The mechanisms for increas- 
ing the cardiac output are complex and 
have not been clearly defined in man." 
Changes in right atrial pressure do not cause 
the consistent changes in cardiac output 
which are seen in the heart-lung prepara- 
tion. The increased cardiac output of 
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anemia, thyrotoxicosis, apprehension and 
sudden lowering of peripheral resistance 
are not accompanied by increase in right 
atrial pressure. 

The cardiac output is decreased by 
motionless standing, by large hemorrhage 
and by myxedema. Lowering of the mean 
right atrial pressure by 3 to 4 cm. of water, 
by venesection or by pooling of blood in 
the extremities does not cause a consistent 
fall in cardiac output. 3 

As measured by the Fick principle, the 
cardiac output is determined by two factors: 
(1) the arterial-mixed venous oxygen dif- 
ference and (2) the oxygen consumption per 
minute. A rise in metabolism without an 
increase in A-V oxygen difference or a 
decrease in A-V difference without a fall 
in metabolism both indicate a rise in cardiac 
output. In apprehension the decrease in 
A-V oxygen difference and a less marked 
rise in oxygen consumption give a high 
output. 1 In light exercise a rise in oxygen 
consumption and a slight increase in A-V 
oxygen difference indicate a high output. 4 

In congestive heart failure the resting 
cardiac output, as measured by the foreign 
gas methods and by the direct Fick princi- 
ple, is usually decreased. 5 This decrease is 
more striking if considered in relation to the 
two measurements from which the cardiac 
output is derived. Fewer liters of blood per 
minute are pumped by the heart and more 
oxygen is removed from each liters by 
the tissues to compensate for slow blood 
flow. For any given level of anxiety or work 
the patient with uncomplicated congestive 
failure has an A-V oxygen difference greater 
than normal. 4,5 The stimulus of exercise 
may raise the cardiac output somewhat 
above the resting level. That the response 
is abnormal is shown by the fact that at 
any level of oxygen consumption the A-V 
oxygen difference is wider than in a normal 
subject with an equal oxygen consumption. 
In spite of the fact that the majority of 
patients with congestive heart failure show 
these findings, there are some who show a 
normal cardiac output and in a few the 
output is elevated. Because of these excep- 
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tions the question arises: Is a reduction in 
cardiac output an essential part of the 
picture of congestive failure? 

Patients with thyrotoxicosis, anemia and 
arteriovenous fistula have abnormally high 
values for the resting cardiac output. 2 It is 
not surprising that when the heart fails in 
the presence of these complicating factors, 
the signs of congestive failure are present 
before the circulation falls below that found 
in a resting normal subject of the same size. 
The output, although high in the terms of 
the normal, is insufficient for the demands 
created by the physiologic or pathologic 
circumstances; and signs of circulatory in- 
sufficiency develop even though the output 
is still considerable. 

Probably too much emphasis has been 
placed on the development of congestive 
failure with an output above the resting 
level. This actually seems to be the rule 
rather than the exception in the first bout 
of congestive failure which comes on slowly. 
The patient notices fatigue, dyspnea and a 
low urine output during the day. At night 
he is awakened several times to void and 
notes that the night urine is increased in 
amount. At this stage of failure the cardiac 
output is found to be normal at rest. During 
his daily activity when the signs of conges- 
tion are developing, the cardiac output is 
increased above the level of rest but not to 
the degree required by the activity; and 
the signs of congestion develop in spite of 
an output above the resting level. The fact 
that the output although high is not as high 
as is needed is shown by the wide A-V 
oxygen difference. 

According to this interpretation, the con- 
gestive phenomena of heart failure occur 
whenever over a long period of time 
the cardiac output is insufficient to supply 
the organs and tissues of the body with the 
optimal amount of blood. The optimal 
amount of blood will vary with activity 
and disease. In thyrotoxicosis in failure the 
output will be high because of the increased 
oxygen consumption; in beriberi it will be 
high because of the peripheral vasodilata- 
tion caused by the metabolic defect. In 
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either instance congestive failure will de- 
velop whenever organ blood flow falls 
below the level required by the altered 
metabolism. In heart failure the blood flow 
to all organs is probably slightly below the 
optimal level, but that through the kidney 
is particularly decreased. The fall in renal 
blood flow eventually reaches the point 
where the glomerular filtrate is reduced 
and abnormal retention of sodium occurs. 

The massive edema so characteristic of 
congestive failure occurs only when sodium 
chloride and water are retained by the 
kidneys. This does not mean that pulmonary 
edema cannot occur except by the renal 
mechanism. It does mean that edema associ- 
ated with gain of weight requires a renal 
mechanism. In the sudden pulmonary 
edema caused by a massive myocardial 
infarct of the left ventricle there is no time 
for sodium retention. The blood is forced 
into the lungs by the right heart and can- 
not be removed by the left. Rapid and 
frequently fatal pulmonary edema may de- 
velop. A consideration of this problem 
brings up the question of failure of the right 
or left ventricles as contrasted to failure of 
both chambers of the heart. 

The available data favor the view that 
two factors are important in the pulmonary 
congestion of congestive failure: (1) left 
ventricular failure; (2) retention of sodium 
and water by the kidneys. 

Clinical observation teaches us that the 
lungs are involved early in heart failure 
caused by hypertension, luetic aortitis and 
coronary artery disease. The lungs contain 
too much blood and water, as shown by 
dyspnea, decreased vital capacity, increased 
circulation time and high pulmonary arte- 
rial pressure. These symptoms of pulmonary 
congestion usually precede the onset of 
generalized pitting edema and the rise in 
systemic venous pressure. The physiologic 
and pathologic evidence would favor the 
view that the lungs are engorged because 
at times the right ventricle pumps blood into 
the lungs at a faster rate than the left ventri- 
cle pumps it out. This increases the pulmo- 
nary capillary pressure and causes a large 


amount of fluid retained by the kidney to 
localize in the lungs. Where does this blood 
come from which the right ventricle pumps 
into the lungs? It is the blood pumped to 
it by the left ventricle plus the amount of 
blood that the right ventricle receives 
from the systemic circulation by a com- 
bination of two mechanisms: (1) Recent 
work has demonstrated that the right side 
of the heart can increase its output in the 
face of a moderate fall in right atrial pres- 
sure. 2 Thus, when appropriately stimulated 
the right side of the heart may deliver blood 
into the lungs without a corresponding 
increase in output of the left ventricle by 
allowing the right atrial pressure to fall. 
(2) Active constriction of the systemic ven- 
ous bed can deliver to the right side of the 
heart a quantity of blood which is not 
dependent on the output of the left ventri- 
cle. Thus, physiologic, pathologic and 
clinical data support the concept that 
backing up of blood behind a failing left 
ventricle is a common occurrence in the 
usual types of heart disease. 

The concept of right ventricular failure 
developing later in the course of heart 
disease with backing up of blood behind 
the right side of the heart because of right 
ventricular failure is much harder to 
visualize. Clinical observation shows that 
as heart failure advances peripheral edema 
and a rise in systemic venous pressure occur. 
Consider the quantitative aspects of the 
problem. The blood available for backing 
up behind the right side of the heart is that 
pumped out by the left ventricle plus that 
normally available in the systemic venous 
bed. The blood pumped out by the left 
ventricle is that delivered to it by the right 
side of the heart plus that which might be 
delivered to the left ventricle by active 
pulmonary venous constriction. It is doubt- 
ful if the lungs can deliver enough blood to 
the left side of the heart to flood the peri- 
pheral circulation. Further doubt is thrown 
on the thesis of right ventricular failure 
because of the clinical evidence that left 
ventricular failure continues to persist as 
the dominant lesion even after edema and 
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increased peripheral venous pressure occur. 

If such a person is made free of peripheral 
edema by sodium restriction in the diet, the 
abnormalities in the pulmonary circulation 
will persist although there is no detectable 
edema and the right atrial pressure is 
normal. 

It would appear that in the usual patient 
with heart failure the concept of flooding 
of the lungs from left ventricular failure 
is a sound explanation for the pulmonary 
congestion, but that the available evidence is 
against the flooding of the systemic circula-, 
tion by right ventricular failure as a cause 
of the increased venous pressure and sys- 
temic edema. 

The picture of left ventricular failure 
uncomplicated by sodium retention is seen 
most commonly in patients with massive 
infarction of the left ventricle. Blood enters 
the lung from the right ventricle; the 
damaged left ventricle must let it remain 
there. Massive pulmonary edema develops 
rapidly without an increase in body weight. 
In the more common types of left ventricu- 
lar failure the picture does not seem quite 
as simple. Although pitting edema is 
absent, the patient has usually retained a 
few pounds of fluid. Furthermore, the 
administration of a mercurial diuretic 
frequently lessens the edema without any 
detectable improvement in left ventricular 
function. Conversely, a high salt intake 
makes the dyspnea worse. These clinical 
considerations point to the conclusion that 
while a rise in pulmonary capillary pressure 
alone may cause pulmonary edema, this 
rise in pulmonary capillary pressure is 
commonly accompanied by retention of 
salt and water by the body, and that these 
two factors together are responsible for 
the dyspnea and orthopnea of left ven- 
tricular failure. 

We now return to the original question: 
Is the disproportion between the output 
of the two ventricles responsible for the 
picture of congestive failure without regard 
to the absolute level of the cardiac output? 
The answer is both yes and no. The lungs 
can be flooded from the systemic circulation 
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and this can conceivably occur with a level 
of output of the left ventricle adequate to 
supply satisfactorily all the needs of the 
body for blood. In most instances, the 
picture of backing up of blood behind 
the left ventricle appears to be accompanied 
by a simultaneous retention of salt and 
water. The flooding of the systemic circula- 
tion by the lungs seems unlikely, and the 
increased systemic venous pressure and 
peripheral edema in the usual patient with 
heart failure cannot be explained by back- 
ing up of blood behind a failing right 
ventricle. 

The increase in systemic venous pressure 
in patients with heart failure has frequently 
been interpreted as a compensatory me- 
chanism for maintaining the output of a 
failing heart. Clinical evidence to support 
this interpretation has never been very 
convincing. The situation differs from the 
heart-lung preparation in that marked 
chronic dilatation of the heart chambers 
and hypertrophy of the muscle have occur- 
red. A dilated right heart apparently fills 
completely over a wide range of venous 
pressures. Although direct observations are 
lacking, it seems likely that the same is true 
for the left ventricle. The primary defect 
seems to be in ventricular emptying. Systole 
leaves a large quantity of residual blood in 
the heart. During diastole the ventricle fills 
to full capacity and wide variations in i : ght 
atrial pressure have little effect on output. 
In patients with chronic fixed failure the 
venous pressure varies with the sodium 
intake . 6 Studies on these subjects show no 
beneficial effects of a high right atrial 
pressure. 

It is certainly true that the heart of a 
patient with failure does not always respond 
to a given stimulus in the same way as it 
does in a normal subject. Exercise in the 
normal subject causes the output to rise. 
In certain patients with congestive failure 
the output may fail with exercise . 4 In 
normal subjects apprehension causes a rise 
in cardiac output; in the cardiac it may 
cause a fall. In the normal subject vene- 
section causes no consistent change in out- 
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put; 3 in the patient with pulmonary edema 
from heart failure venesection causes a rise 
in cardiac output. 7 ' 3 In these examples one 
sees that the failing heart, when pushed too 
far, becomes even sicker and the output 
falls. The author believes that the increased 
load on the circulation may cause a further 
decrease in the ability of the heart to empty. 
Lessening of the load by sedation or rest or 
relieving the intense reflex activity of 
pulmonary edema by venesection, tourni- 
quets or mercurial diuretics may increase 
the ability of the heart to empty. According 
to this conception the progressive failure of 
the heart occurs from fatigue, and over- 
distention of the ventricular muscles by a 
high venous pressure is not a fundamental 
part of the failure. Conventional physiology 
attributes the further failure of the heart 
with exercise or pulmonary edema to a rise 
in venous pressure and overdistention of 
the heart. Time will determine which in- 
terpretation is correct. 

The heart in failure responds to digitalis 
by an increase in output. This is accom- 
plished by a more complete emptying of 
the heart in systole. The increase in output 
may be accompanied by a striking or insig- 
nificant fall in right atrial pressure. In 
certain borderline patients in whom the 
cardiac output is at the lower limit of 
normal, a significant rise with digitalis 
demonstrates that the output is not optimal 
for that particular patient. 

SUMMARY 

If one measures the cardiac output at 
rest in patients with failure, the following 
combinations will be found: 

1. Cardiac output low with failure re- 
mains low when symptoms are relieved by 
sodium restriction or continued use of 
diuretics. These are the usual findings in 
fixed intractable heart failure. 

2. Cardiac output low with failure in- 


creases with administration of digitalis or 
when such complications as pulmonary 
infarction clear up. This condition does not 
require salt restriction or diuretics when 
activity is reduced by bed rest. 

3. Cardiac output normal with failure 
remains normal on compensation. Decom- 
pensation develops with increased activity. 
Cardiac output adequate for diuresis at 
rest; symptoms at time of study because of 
waterlogging of body which persists until 
diuresis is completed. 

4. Cardiac output high with failure 
falls when the stimulus for an increased out- 
put is removed. This combination may be 
shown (1) by restless, apprehensive, dys- 
pneic patients whose output is adequate 
for rest but inadequate for mild exertion; 
and (2) by patients with hyperthyroidism, 
anemia, arteriovenous fistula, patent ductus 
arteriosus, beriberi and certain infections. 
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Household Poisonings 

T hese are stenographic reports of conferences by the members of the Departments of 
Pharmacology and of Medicine of Cornell University Medical College and New 
York Hospital, with collaboration of other departments and institutions. The questions 
and discussions involve participation by members of the staff of the college and hospital, 
students and visitors. A selected group of these conferences is published in an annual vol- 
ume, Cornell Conferences on Therapy, by the Macmillan Company. 


Dr. Harry Gold: The conference today 
is on the subject of household poisons. It is 
not very easy to draw a line around the 
group of household poisons as it seems to 
include many of the poisons used in indus- 
try, many of the medicines found in drug 
stores and chemicals found in the grocery 
stores, paint stores and others. I suppose 
that the best we can do is to consider a few 
of the more common poisons and perhaps 
some of the more interesting. 

Any one physician may not see a great 
many cases of poisoning in the home, but 
in the aggregate the number of cases is very 
large. In one report, made in 1934 by 
Aikman of Rochester, attention was called 
to the fact that 1 per cent of all the children 
in the Strong Memorial Hospital were ad- 
mitted for some form of poisoning. About 
one-quarter of all those cases were acci- 
dental poisonings and about one-half were 
therapeutic poisonings. That one of every 
one hundred children in a hospital was 
there because of poisoning indicates that 
the topic of the conference today is one of 
major importance. Perhaps in the course 
of the discussion we may learn how these 
matters stand in the New York Hospital. 

The major proportion of household poi- 
sonings occur in children. There is a report 
to the effect that in 1929 in the United 
States there were 530 deaths due to acci- 
dental poisoning in children under five. 
The numbers declined all the way down 
to fifty cases during the next five-year age 
period. It seems that in the age group up to 
five there is a population of individuals who 
go i ummaging about, picking up medicines 

>' sbkdary, 19 4 9 


and swallowing things they have no business 
to be swallowing. The drugs and chemicals 
involved in these poisonings cover a very 
wide field. In one report listing 158 cases of 
fatal poisonings in a five-year period in 
children under five years of age in New 
York State there were forty-five different 
substances listed. One poison stood out in 
that group. Would anybody venture a 
guess? 

Student: Camphor? 

Dr. Gold: No. 

Student: Rat poison? 

Dr. Gold: No. 

Student: Lead? 

Dr. Gold: No. 

Student: Phosphorus? 

Dr. Gold: No. 

Dr. Janet Travell: Phenolax? 

Dr. Gold: No. 

Student: Aspirin? 

Dr. Gold: No. 

Student: Alcohol? 

Dr. Gold: No. You must remember 
these were all individuals under five years 
of age. 

Student: How about iodine? 

Dr. Gold: No. 

Dr. Travell: Strychnine? 

Dr. Gold: That is correct. About one- 
half of all the cases of fatal poisonings in this 
group, namely, 75 of the 158, were due to 
strychnine. There was no close second in 
the entire list. The remaining eighty-three 
cases were caused by forty-four different 
substances. The cases of strychnine poison- 
ing were due to the use of cathartic and 
“tonic” pills. The cathartic pills, containing 


237 


238 Conference 

aloin, strychnine and belladonna, the so- 
called A. S. et B. pills, and those containing 
in addition resin of podophyllum and ex- 
tract of cascara, or the so-called Hinkle’s 
pills, were the chief offenders. Incidentally, 
the more recent edition of the National 
Formulary (1946) has eliminated strych- 
nine from the Hinkle’s pills but has doubled 
the dose of strychnine in the A. S. et B. 
pill, from Iff 20 to !ff 0 gr. These are very 
tiny pills and if a child about five years of 
age helps himself to about ten or fifteen of 
these innocent looking pellets, he develops 
severe strychnine poisoning and may die 
with convulsions. 

We receive fairly frequent inquiries in 
relation to cases of poisoning. It is usually a 
telephone call for suggestions. I am in the 
habit of making a memo of the circum- 
stances and placing it in a folder. It might 
be interesting to have a look at a few of 
these at random. This may give us some 
idea of the nature of the problem in a case 
of household poisoning. 

Here is a case of atropine poisoning. The 
record is dated 1935 but there have been 
additional similar ones since. Someone in 
the family received atropine drops for use 
in the eyes. The two year old baby helped 
itself to the bottle and, according to the 
account, swallowed the contents, about 
20 cc. of a 1 per cent solution of atropine 
sulfate. The doctor arrived an hour and 
one-half later and found the baby hot, 
flushed, restless, conscious, with dilated 
pupils and a fever of 102°f. He promptly 
washed the stomach and brought the patient 
to the hospital. In the next few hours, be- 
cause the condition of the patient seemed 
unchanged, treatment was instituted. The 
baby received a dose of 10 mg. per Kg. of 
amytal sodium intramuscularly. From that 
point on the real trouble began. The pa- 
tient quite promptly went into a very 
deep stupor and then coma, with very 
shallow respiration. The pulse became 
feeble and cyanosis developed. The Drinker 
respirator was installed for any possible 
emergency. Nothing happened. The follow- 
ing day the child woke up and seemed to 
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be well on the way to recovery. Here is a 
case which started out as a possible acci- 
dental poisoning by atropine but ended 
up as a therapeutic poisoning with amytal 
sodium. The baby received the equivalent 
of about 12 gr. (0.8 Gm.) of amytal, normally 
given an adult. Such a dose is not likely to 
prove fatal but produces a fairly high degree 
of depression in a great many people. The 
dose of atropine presents a point of interest. 
It is commonly stated that the fatal dose of 
atropine for children is about 10 mg. and 
for adults about 100 mg. I am not aware 
of any proof of deaths in either children or 
adults from such doses. There is a statement 
in the literature to the effect that the smallest 
recorded dose which proved fatal was 95 
mg. in a child and 130 mg. in an adult. On 
this basis the patient took about twenty 
times the fatal dose of atropine. I believe that 
the dose of atropine stated in the literature to 
be fatal is much too small. From experience 
in animals atropine produces pronounced 
symptoms after very small doses due to 
blocking of the autonomic nervous system, 
but these actions are not the ones which 
cause the fatality and the fatal effects require 
massive doses. In a cat, for example, a small 
fraction of a mg. per Kg. blocks the cardiac 
vagus, but the fatal dose is of the order of 
50 mg. per Kg. Humans may be much more 
sensitive to the fatal action of atropine, but 
indications from the isolated reports of 
atropine poisoning are that in humans also 
a wide gap exists between the dose which 
causes very disturbing symptoms and the 
one which causes death. For example, a 
10 mg. dose of atropine is apt to produce 
delirium but recovery is reported from a 
dose as high as 500 mg. In the case in ques- 
tion there also remains the possibility that 
the child might not have swallowed all the 
solution that disappeared from the bottle 
for a 1 per cent solution of atropine is fairly 
bitter. 

I cite this case merely as an illustration 
of a fact which I think applies to household 
poisonings in general, namely, the dangei 
of treatment. When one does not know what 
is best to do, it is probably best to do noth- 
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ing. In the reported cases of poisoning with 
atropine, maniacal delirium frequently oc- 
curs and that has been controlled by a 
barbiturate. In the case to which I have 
just referred, however, there was no de- 
lirium and, therefore, no indication for 
use of a large dose of amytal. 

Here is the record of another inquiry. A 
baby was having its temperature taken by 
rectum. The thermometer broke and the 
mercury remained in the rectum. What 
should be done? What is the chance of 
serious poisoning from mercury? I have 
two additional inquiries of a similar nature, 
but in these the children bit off the bulb 
of the thermometer and swallowed the 
mercury. All of these queries were answered 
in the same way: Let them be and do noth- 
ing about it. The average clinical ther- 
mometer contains about 1 Gm. of mercury. 
There was a time when as much as 100 to 
500 Gm. of metallic mercury was given 
orally for the treatment of ileus. In rare 
cases this dose caused death. There is no 
doubt of the fact that some absorption takes 
place from metallic mercury given in bulk 
but the amount absorbed from a dose given 
in that way must be very small. There is 
the account of a man who attempted suicide 
by injecting 2 cc. or 27 Gm. of metallic 
mercury into his vein; he developed some 
diarrhea but lived about ten years. It is 
otherwise when the metallic mercury is 
finely divided. It used to be a fairly com- 
mon practice to give children as much as 
100 mg. of metallic mercury in the form 
of a dose of 0.25 Gm. of mercury with chalk 
in a capsule for the treatment of syphilis, 
d hese experiences suggest that the mercury 
released from the broken bulb of the ther- 
mometer may be ignored with impunity. 
This was done in the three cases to which I 
have referred and there were no reasons to 
regret it. 

I have a memorandum on a telephone 
call from a pediatrician regarding the possi- 
bility of poisoning from matches. The child 
u 'as playing with a box of safety matches 
and chewed off the tips. Precisely how 
many had been chewed he did not know 
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but he was informed that it was the contents 
of a nearly full small box. The problem 
related to the possibility of phosphorus 
poisoning. He was reassured to learn that 
to get into difficulties from that adventure 
the child would have had to consume the 
box rather than the matches. 

The friction match which can be struck 
anywhere was originally tipped with yellow 
phosphorus and fifteen or twenty tips might 
provide a fatal dose of phosphorus. But in 
the safety match the phosphorus is on the 
striking surface of the box and even this in 
present day matches no longer contains the 
highly toxic, yellow phosphorus but the 
unabsorbable red phosphorus. The latter is 
relatively non-toxic although some con- 
tamination with yellow phosphorus is a 
source of danger. Incidentally, even the 
ordinary match, which may be struck any- 
where, is now relatively innocuous because 
the non-toxic phosphorus sesquisulfide has 
replaced the yellow phosphorus. 

There is here an inquiry regarding a 
barbiturate. A baby, seven months old, got 
his hands on a capsule of 0.2 Gm. of amytal 
sodium and swallowed it about thirty 
minutes previously. There are, at this time, 
no appreciable effects. What should be 
done? The suggestion was made to empty 
the stomach or wash it. This was not im- 
perative. It would only result in eliminating 
the protracted period of stupor or shorten- 
ing the period of deep sleep. Since the total 
dose represented only about 30 mg. per Kg., 
the risk of fatal barbiturate poisoning was 
negligible. Considerably larger doses used 
to be extensively employed to induce anes- 
thesia for surgical operations. This is a good 
example of poisoning in which, as is very 
often the case, the patient does well without 
treatment. 

We recently had an inquiry about moth 
balls in connection with a child who had 
eaten some. Many materials may be in- 
volved in poisoning by moth balls or other 
moth repellent articles, namely, camphor, 
naphthalene and paradichlorobenzene. Pa- 
radichlorobenzene is the compound now 
most widely used in the various forms of 
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moth repellent materials. Exposure to its 
fumes over long periods of time causes 
poisoning, but by oral administration the 
compound is relatively innocuous. In the 
dog feeding of 1.0 Gm. per Kg. daily 
(equivalent to about 60 Gm. for an average 
adult) for a long period of time has been 
found to produce no toxic effects. This 
compound appears in the home in such 
forms as nuggets, flakes, cakes and pellets. 
The smaller nuggets weigh about 0.25 
Gm. and the larger ones as much as 7 Gm. 
Should an infant or a very young child 
consume three or four of the larger nuggets, 
it is unlikely that serious poisoning would 
occur. Some moth repellent materials con- 
tain naphthalene or a mixture of naphtha- 
lene and paradichlorobenzene. We recently 
examined a trade box of moth balls which 
contained only naphthalene, each ball 
weighing approximately 2.5 Gm. Naphtha- 
lene is more toxic than paradichloroben- 
zene. It is used in doses of 0.5 Gm. in the 
treatment of oxyuris infestations. Death has 
been reported in a child from as little as 
2 Gm., but the fatal dose of naphthalene 
for most cases is considerably larger. It 
seems unlikely that the consumption of a 
naphthalene moth balls by an infant or 
young child would prove serious. The few 
recorded cases of naphthalene poisoning 
refer to such symptoms as abdominal 
cramps, nausea and vomiting, motor in- 
stability and irritation of the urinary tract 
with burning in the urethra and urgency. 
It is apparently also damaging to the liver 
and kidney, giving rise to jaundice and 
albuminuria. The cases of poisoning by 
paradichlorobenzene in individuals exposed 
to the fumes for long periods of time are 
characterized by injury to the liver and by 
cataracts. 

Camphor is now rarely found in moth 
balls although these are sometimes referred 
to as camphor balls. Camphor cakes are 
still available and used as moth repellents. 
It is the experience that camphor taken by 
mouth may cause dramatic and threatening 
symptoms but most patients recover. We 
shall refer to camphor again presently. 


A word about the general problem of 
moth repellent articles is in order at this 
point. A doctor recently telephoned me 
about a child that had taken a quantity of 
a moth repellent known as Expello. We 
examined several brands of moth repellent 
nuggets with the label stating clearly that 
these represented paradichlorobenzene. 
However, the can of Expello gave no indi- 
cation of the nature of the contents. The 
pellets in this can had a somewhat different 
smell from those labeled paradichloroben- 
zene. That threw us off the track although 
we were aware of the fact that the most com- 
mon moth repellents are chiefly paradichlo- 
robenzene. The manufacturer of Expello is 
in New Hampshire and was, therefore, not 
readily accessible to us, but a label was 
inscribed on the can stating that it was 
guaranteed by the Good Housekeeping 
Institute. We, therefore, contacted them for 
information about this material. They gave 
us the information, namely, that Expello 
represents paradichlorobenzene. There is 
something wrong about having such a 
material which is always so accessible to 
children in the household without the name 
of the chemical clearly stated on the con- 
tainer. It is hardly to be expected that the 
physician will be familiar with the chemical 
composition of all moth repellent articles 
under proprietary names which give no 
indication of the nature of the product. It 
would have spared the family a good deal 
of anguish and the physician no end of 
trouble if the name paradichlorobenzene 
had appeared somewhere on the label for 
even if this compound might not have 
caused any harm by reason of its low toxicity, 
the physician would be forced to take meas- 
ures in treatment which would have been 
unnecessary had the name of the compounc 
been known to him. Another disturbing 
aspect of this experience was the fact that 
of the three cans in our possession the on ) 
one which failed to disclose the contents 
was the one bearing the seal of the Goo 
Housekeeping Institute. I presume that 
housewives take the seal of the Good House- 
keeping Institute seriously and arc like y 
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to prefer articles bearing its name. Under 
the circumstances I wonder whether the 
Good Housekeeping Institute ought not to 
recognize a moral obligation in the matter 
and insist on the chemical name appearing 
on the container of articles which may, 
rightly or wrongly, find their way into the 
mouth of a youngster rummaging about 
in the house. A person in charge of these 
matters in the Institute informed me that 
the label was entirely adequate within the 
meaning of the law and that this moth 
repellent, Expello, did not fall in the class 
of so-called “economic poisons.” We should 
take cognizance of the fact that a substance 
which is not classed as a so-called economic 
poison is not necessarily non-toxic. The 
criteria for an economic poison merely dif- 
ferentiate between those articles which take 
small doses to kill and those which require 
somewhat larger doses to kill. For example, 
in an extreme case, if the average lethal 
dose per Kg. were 49 mg., it would be 
classed as an economic poison, whereas if 
the average lethal dose were 51 mg., the 
article would stand outside of the class of 
economic poisons. I think this is not an 
improper place to suggest that something 
be done to insure that when a doctor is 
called upon to treat a possible case of poison- 
ing by a common household material, the 
label on the container inform him of the 
exact nature of the chemical and the amount 
of it that is present in the preparation. 
Without that information, he is often quite 
helpless. 

Camphorated oil is sometimes mistaken 
for castor oil and it might be well therefore 
to know something about the toxicity of 
camphorated oil. Camphor is a convulsant 
but it is very rapidly eliminated so that even 
after a fairly violent convulsion the indi- 
vidual is likely to recover. While there are a 
great many cases of camphorated oil poison- 
ings, the number of deaths is very low even 
in cases in which violent convulsions have 
occurred. Camphorated oil is a 20 per cent 
solution of camphor in oil, and the smallest 
oral doses of camphor which are on record 
as causing death arc of the order of 1 .5 Gm. 
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That would make about two teaspoonfuls 
of camphorated oil. There have been in- 
stances of mass poisoning from camphorated 
oil. In one series each of some twenty 
children received from 1 to 1.5 tablespoon- 
fuls of camphorated oil. Most of them 
developed convulsions but they all recovered. 

Infants and children seem to have little 
trouble in getting hold of a bottle or can of 
kerosene or gasoline. Also they do not seem 
to have any particular aversion to drinking 
it. There are still places in the country in 
which kerosene is used in doses of a few cc. 
for the treatment of bronchitis and colds. 
A considerable number of cases of poisoning- 
are encountered. There are recoveries from 
as much as 125 cc. of kerosene and deaths 
from as little as 30 cc. There is the case of an 
adult who recovered from 750 cc. There is 
not enough information to be certain 
whether kerosene or tnon-leaded gasoline is 
more toxic. The course of kerosene poison- 
ing is very rapid. Effects appear within a 
few minutes with gastrointestinal symptoms 
(vomiting, diarrhea, abdominal cramps) 
and central nervous system symptoms 
(coma, convulsions). About 5 to 10 per cent 
of the patients die and this takes place in 
less than twenty-four hours. The remainder 
seem to recover completely and fairly 
promptly. It is fairly safe to assume that the 
patient who is still alive on the day after a 
dose of kerosene is likely to recover. It be- 
haves in many respects like a volatile 
anesthetic. The lungs seem to be involved 
in a large proportion of the cases and such 
a case may be mistaken for one of primary 
pneumonia. It is not certain how the lungs 
become involved, whether by excretion of 
the volatile agent through the lungs or 
aspiration during vomiting. It is noteworthy 
that in animal experiments the fatal dose by 
stomach is about ten times that by intra- 
tracheal injection. This may indicate rapid 
absorption from the pulmonary bed or 
marked inflammatory reaction to the high 
concentration. It is obvious that the stomach 
should be washed if the time interval sug- 
gests that any appreciable amount may still 
be there and special care needs to be taken 
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to avoid aspiration. The pneumonitis that 
develops may be treated by the usual 
measures, oxgen and antibiotics. There 
are no specific antidotes. 

Boric acid and borax (sodium borate) 
are common household chemicals intended 
either for use as an eye wash or an antiseptic 
solution, or to sprinkle around the borders 
near the door to discourage ants. There are 
many other uses. They are often put up in 
packages which are almost indistinguishable 
from the package of bicarbonate of soda. I 
have often wondered why we do not see 
more cases of boric acid poisoning. It seems 
to be so easy for a person who gets up in the 
middle of the night to take a dose of bi- 
carbonate of soda to take in its place a 
teaspoonful of borax. It has no distinctive 
taste or smell. In spite of this cases of boric 
acid poisoning in the household are not 
numerous. 

I had one inquiry about a person who 
swallowed about 4 ounces of a solution con- 
taining approximately 6 Gm. of boric acid. 
He vomited promptly. Such a dose in adults 
is not apt to cause serious injury and since 
he seemed to have emptied his stomach 
fairly well within a few minutes, the doctor 
was advised to do nothing about it. There 
was a follow-up in this case and it was 
established that it had caused no poisoning. 

I have here the record of another inquiry 
from a pediatrician. The mother made up 
the twenty-four-hour formula for her twins 
and she put 60 Gm. of boric acid into the 
solution in the place of one of the sugars. 
The error was discovered at the end of the 
day when all of it had already been given. 
It was estimated that about one-half of each 
feeding had been vomited so that each baby 
presumably retained 30 Gm. of boric acid. 
The babies were well forty-eight hours later 
without any treatment. That is much too 
long a time without symptoms after a toxic 
dose of boric acid. The toxicity of boric acid 
does not seem to be as great as is indicated 
by the statement found in the literature that 
5 Gm. may be fatal to a baby and 15 Gm. 
to an adult. There must be very marked 
individual differences in susceptibility. There 
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is here in my folder another story about 
boric acid. The mother baked a cake and 
put in a teaspoonful of boric acid instead of 
baking soda. The baby ate a piece of the 
cake. Later in the day the mother discovered 
the error and telephoned to her pediatrician. 
He found nothing wrong with the baby. He 
was advised to do nothing about it. Nothing 
happened to this child but the mother had 
another question, namely, “Is the cake 
spoiled”? Apparently it was not as satis- 
factory a cake as it might have been if it had 
been made with bicarbonate of soda. I 
suggested that the cake was edible, but 
that it would not be wise to permit one 
member of the family to eat it all. The 
5 Gm. of boric acid could do no harm 
when distributed among the members of 
the family. 

I am, of course, speaking only of house- 
hold accidents and not of errors of medica- 
tion. You are undoubtedly aware of the 
disasters which have occurred in hospitals 
where boric acid was used in the place of 
sodium chloride for intravenous infusions. 
The occurrence of such accidents has 
created quite a furor in recent years. The 
question has been debated whether boric 
acid should not be colored to distinguish 
it more readily from harmless materials. 
The whole question of the utility of boric 
acid has been reviewed. There seems to be 
considerable doubt concerning its value 
as a medicinal agent and some hospitals 
have deleted it from their formularies. 

Poisoning by boric acid causes fairly 
prompt gastrointestinal symptoms, such 
as vomiting, abdominal cramps, diarrhea, 
symptoms of circulatory collapse, coma or 
convulsions, skin eruptions, nephrosis an 
anuria. There is no specific antidote. 

Dr. John B. Deitrick: Would you say 
how you would treat poisoning by atropine. 

Dr. Gold: I know of no specific anti 
dotes to the fatal action of atropine. The 
only treatment is supportive, and the mcas 
ures that one might use will depend on t ic 
symptoms which seem to be most threaten 
ing in the particular case. If the patient 
presents respiratory depression with cyano- 
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sis, one might use oxygen. If there is trouble- 
some delirium or convulsions, one might 
quiet the patient by appropriate doses of 
barbiturates. Hyperthermia which may 
result from suppression of sweating can be 
managed by sponging. There are specific 
antagonists to atropine, such as prostigmine 
and mecholyl, but it is doubtful whether any 
safe doses of these can prevent the fatal 
action of atropine. 

Student: How about the use of pilo- 
carpine? 

Dr. Gold: The same applies to pilo- 
carpine. It is extremely doubtful whether 
any amount of pilocarpine would counteract 
the fatal action of atropine. 

Dr. McKeen Cattell: The reverse 
would be all right, would it not? 

Dr. Gold: Yes, atropine is a highly ef- 
fective antidote against poisoning by the 
parasympathetic drugs. By means of atro- 
pine an animal can be saved from as much 
as ten times the fatal dose of physostigmine. 

Dr. Helpern, you see a great many cases 
of poisoning in the Medical Examiner’s 
Office. Would you tell us something about 
these? 

Dr. Milton Helpern : Those in the 
Medical Examiner’s Office are, of course, 
fatal cases of poisoning. We encounter a 
large number of them in a year. Unfortu- 
nately, our department has no record of 
the non-fatal cases. There is no agency in 
the city through which the non-fatal cases 
are cleared. One would have to comb the 
hospitals and the records of private physi- 
cians in order to secure information on the 
total incidence of poisoning. A large propor- 
tion of the poisonings which we encounter 
are caused by ordinary household materials. 

Illuminating gas is the chief cause of 
poisoning that we see. The toxic agent in 
it is carbon monoxide and the latter is 
responsible for more than one-half of all 
our cases. 

The extermination of household pests 
pi ovides a rich and varied source of house- 
hold poisons. I might refer to a few of the 
moie common ones which come to our 
attention. They are supplied under a wide 
FF.nRUARY, 1949 


variety of trade names. There is the roach 
paste known as the John Opitz roach paste 
which is widely advertised. It reeks of 
yellow phosphorus. It is usually placed' on 
pieces of potato or bread under the kitchen 
sink. Not infrequently the creeping child 
gets hold of one and munches on it. Since 
these preparations usually contain from 3 
to 5 per cent yellow phosphorus, the child 
need only consume 1 Gm. or less to be 
seriously poisoned. He sometimes develops 
acute gastrointestinal symptoms which direct 
attention to the poisoning, but the effects 
may come on more insidiously with signs 
of acute hepatitis and often the poisoning 
is not suspected until irreversible symptoms 
have developed. Poisoning by yellow phos- 
phorus in little children munching on fire 
crackers on the fourth of July is no longer a 
serious problem in communities where the 
use of fireworks has been controlled. There 
is the more commonly used roach powder 
which may represent almost pure sodium 
fluoride. Some protection against poisoning 
by this material is afforded by the recent 
law which requires the use of some dis- 
tinctive dye, such as indigo, to color it blue. 
You may recall the report some time ago 
of the group of fatalities in an institution in 
Oregon where the cook confused the fluoride 
with flour. I might state that most of the 
fluoride poisonings which we encounter 
here are the result of attempts at suicide. 

Rat poison is another exterminant which 
plays an important part in household 
poisonings. The most common agent is 
white arsenic. The preparation we have 
encountered comes in a little, round, 
wooden box, labeled “Poison.” Perhaps the 
label is responsible for so many cases of 
suicide with arsenic. I recall one instance 
of homicidal arsenic poisoning in which a 
demented sister treated one brother with 
it on one day and the other the next day. 
The clinical picture, marked chiefly by 
gastrointestinal symptoms and collapse, is 
easily confused with other conditions and 
in the instance I just mentioned the diag- 
nosis of botulism was made. It is unfortu- 
nate that physicians do not include poison- 
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ing more often among the possibilities when 
the diagnosis of an unusual disease is con- 
sidered. I do not know of a case of suicide 
with arsenic in which the diagnosis was 
made during life. In the case of the two 
brothers which was just mentioned it is 
possible that a prompt and accurate diag- 
nosis on the first boy might have prevented 
the second poisoning. 

An insecticide which sometimes causes 
poisoning is one containing nicotine. These 
preparations contain about 40 per cent 
nicotine sulfate and are used as plant 
sprays. It causes nausea, vomiting, prostra- 
tion and sometimes convulsions. It is 
rapidly fatal in doses of the order of about 
50 mg. 

Cleansing agents are another fruitful 
source of household poisonings. There arc 
the strong alkalis, such as lye, concentrated 
ammonia and washing soda. Every so often 
baking soda is confused with washing soda 
and the concentrated sodium carbonate 
causes serious corrosion. Similar lesions are 
produced by lye and concentrated ammonia. 
Strong acids are sometimes found in the 
home, hydrochloric acid, sulfuric acid and 
nitric acid. We had a case of a child who 
drank the soldering fluid his father used 
when tinkering with electrical equipment. 
It is a concentrated mixture of zinc chloride 
and hydrochloric acid and it produced 
intense corrosion. 

Dry cleaning fluids and stain removers 
are very common household poisons. The 
more common ones represent carbon tetra- 
chloride, or mixtures of carbon tetra- 
chloride, solvent naphtha, turpentine, ben- 
zine, gasoline and kerosene. Cases of 
poisoning result both from the inhalation 
of vapors as well as from ingestion. Some 
time ago we examined the body of a woman 
who had cleaned a dress with carbon tetra- 
chloride in the bathroom, a small space 
without ventilation; she succumbed to the 
fumes of this compound. 

Some potent metal cleansers contain 
cyanide. These solutions find their way 
into the home without proper labels. The 
cyanides are commonly used in silver polish. 


Cyanide is very effective in taking tarnish off 
silver. It also lends itself to use for suicide. 
There used to be a preparation known as 
“Quick as a Wink” and another, “Cinderella” 
shoe polish, for cleaning metal finished 
shoes. One of these preparations suggested 
an antidote on the label, “If taken by mis- 
take, throw cold water on the face.” I 
suppose that was about as useful as any 
other. 

The disinfectants commonly found in the 
home include such articles as tincture of 
iodine, carbolic acid, compound cresol 
solution (lysol) and creosote mixtures. Most 
of these produce not only systemic poison- 
ing but local corrosive action as well. 

I should not omit alcohol, the effects of 
which are well known. In this connection 
the solid wood alcohol mixtures such as 
Sterno and Dry Heat, present a much more 
serious problem. Alcoholics sometimes resort 
to these in extremity to prolong an intoxi- 
cated state. Rubbing alcohol and other 
medicated alcohols are also used for this 
purpose. 

Black shoe dye often contains nitroben- 
zene. It is a potent poison. As little as 1 cc. 
may prove fatal although 30 cc. have been 
survived. It is readily absorbed through 
the skin of an infant’s foot as well as by in- 
halation. It causes bizarre symptoms in- 
volving the gastrointestinal tract, the centra 
nervous system and the viscera. Marke 
methemoglobinemia is an outstanding effect. 

Dr. Gold: Dr. Dale is here from the 
Department of Pediatrics. It would be 
interesting to learn about the experiences 
of the pediatrician in this hospital. 

Dr. John H. Dale, Jr.: Our experience 
is in general agreement with your statement, 
Dr. Gold. A considerable proportion of tic 
children admitted to this hospital P r( j se fj 
the problem of poisoning with house io 
drugs, medications and other materia s. 
Most of our patients are between two anc 
three years old. The most frequent poison 
is fluoride roach powder. As a rule wc see 
the children very soon after they have ta _ cn 
it. Gastric lavage is usually performed m 
the clinic. The signs and symptoms whic 1 
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follow are those of gastro-enteritis and so 
far this has responded satisfactorily to bland 
diet and fluids. We recently saw a child who 
bit off the tip of a thermometer and swal- 
lowed the mercury. It passed through the 
intestinal tract in about three days and 
no signs of poisoning developed. The laxa- 
tive known as Ex-Lax, which contains 
phenolphthalein, is another source of trou- 
ble for us. The usual story when they are 
brought in is that they have consumed from 
twelve to twenty-four of these chocolates. 
Except for purgation, nothing seems to 
have happened. One child that took some 
hydrochloric acid developed burns in the 
buccal mucosa and gastroenteritis. There 
was no bloody diarrhea. The recovery was 
uneventful. Children are commonly brought 
in with the story of having eaten a box or a 
book of safety matches. In view of the fact 
that the phosphorus is on the striking sur- 
face we considered it safe to send these 
children home without treatment. We have 
seen a few cases of lead poisoning, usually 
in children with hysteria or pica, who have 
taken to eating the paint on the stairs, 
window sills and elsewhere. These have 
been of the chronic, not of the acute, type 
of lead poisoning. This about sums up the 
chief types of cases which we encounter in 
this neighborhood. There have been no lye 
burns and no caustic poisonings of any kind. 

Dr. Gold: Did most of the children that 
you have seen recover? 

Dr. Dale: All of them recovered. We 
have had no deaths from household poison- 
ings in the past three years. 

Dr. Gold: Even all the patients who took 
fluoride in the form of roach poison? 

Dr. Dale: Yes. Of course, we do not 
know how much was taken in these cases. 
1 he story is usually obtained from an 
extremely excited mother, and it is difficult 
to learn how much was taken but it seems 
that the children rarely take too much. 
Our experience bears out your point that 
overzcalous treatment causes more trouble 
than the poison. As I stated we lavage the 
•stomach with tap water and call it quits. 
” c keep the child under observation for 
r r. n r u a r v , 19 4 9 


changes in the pulse and for symptoms 
referable to the central nervous system. We 
treat gastro-enteritis with a bland diet. 
That seems to have been enough for our 
patients. 

I might refer to the few cases which we 
have seen in which the child swallowed 
furniture polish. In these we have not been 
able to identify the toxic ingredients. 
Fortunately all of them recovered. We 
have seen two cases of acute alcoholism in 
children less than ten years of age. One of 
these could hardly be considered an acci- 
dent since the family fed the child almost a 
pint of wine. The other was an eighteen 
month old infant who got his hands on a 
pitcher of beer and drank quite a bit of it. 
Both recovered. 

When we go back further in the history 
of this department, we find some cases of 
poisoning by boric acid, hyoscine, atropine 
and codeine. Most of these were therapeutic 
poisonings. We have not had any of these 
in recent years. 

Dr. Cattell: Might you have used 
calcium in the fluoride cases? 

Dr. Dale: We did not use it. 

Dr. Gold: Are you referring to the value 
of calcium as a systemic antidote or for its 
effect in the gastrointestinal tract? 

Dr. Cattell: I had in mind the fluoride 
in the stomach. The sodium fluoride would 
be converted into the extremely insoluble 
calcium fluoride if the stomach were washed 
with soluble calcium chloride. 

Dr. Helpern: In your cases, Dr. Dale, 
was the fluoride recovered and identified 
by chemical analysis? 

Dr. Dale: No. We knew the brands of 
roach powder and the composition was 
supplied by the manufacturer. 

Dr. Helpern: I ask this because fluoride 
is a very potent poison and it does not take 
very much of it to kill. 

Dr. Gold: One has to take from 5 to 10 
Gm. to produce serious poisoning in an 
adult. Most of the roach powders I think 
contain somewhere from 30 to 90 per cent 
sodium fluoride. In the case of the 30 per 
cent preparations one would need to con- 
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sume from 15 to 30 Gm. of the powder. 
That would be quite a meal. 

Dr. Helpern: From what I have seen, 
Dr. Gold, one does not have to eat very 
much of it to get into trouble. I would 
recommend only very small doses of roach 
powder. 

Dr. Gold: Dr. Dale, I surmise from what 
you have said about management of the 
cases in which a household poison has been 
taken that it is wise merely to wash out the 
stomach, observe the patient for a suitable 
time and then treat special symptoms as 
they arise, and that you refrain from the 
use of stimulants and depressants unless 
there is clear indication for them. 

Dr. Dale: That is the policy we have 
followed. 

SUMMARY 

Dr. Gold: The nature of the problems of 
household poisonings was explored in this 
conference. The number of chemicals which 
may be involved in household accidents is 
extremely large. No attempt, therefore, was 
made to exhaust the subject. The comments 
were confined to some of the more general 
aspects of the situations and to examples of 
some of the more common and interesting 
experiences. While there is fairly abundant 
information concerning poisons in the 
numerous texts on general toxicology, 
industrial toxicology, pharmacology and 
special articles in the medical literature, 
these often fail to provide the answers to the 
specific problems which the physician en- 
counters in the case of a household accident. 
For example, information on the toxicology 
of mercury is abundant and readily acces- 
sible, but the case of the child who has 
bitten off the tip of the thermometer and 
swallowed it presents a special situation; the 
same is true for the toxicology of nicotine, 
but it does not quite cover the case of the 
child who has been munching on cigarettes. 

In such cases it would help to have at hand 
such facts as the chance of poisoning or the 
amount of cigarette tobacco babies are in 
the habit of eating. 

Most accidental household poisoning 
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occurs in infants and young children who 
go exploring about in the home swallowing 
chemicals without discretion. There are 
such items as laxative pills containing 
strychnine; chocolate cathartics containing 
phenolphthalein; eye drops containing atro- 
pine; hypnotic capsules containing a bar- 
biturate; matches; moth balls containing 
camphor, naphthalene or paradichloro- 
benzene; kerosene or gasoline; roach poisons 
containing phosphorus or fluoride; rat 
poisons containing arsenic; furniture polish 
and shoe dyes. These and a few others, such 
as borax taken accidentally in place of a 
dose of bicarbonate of soda, or put into a cake 
by mistake in the place of baking powder, 
or into the infant’s formula in the place of 
sugar, received attention in the discussion. 

Sodium fluoride is a violent poison but 
the pediatricians pointed out that while one 
of the common experiences at the New York 
Hospital is the case of the excited mother 
with the child who had been trying out 
roach powder containing sodium fluoride, 
they have encountered no cases of serious 
poisoning with this material in recent years 
although most of them received little or no 
treatment. There seems to be a wide gap 
between the accidental taking of a house- 
hold poison and serious poisoning by it. 
Apparently the a mount taken is usually too 
small. This is a matter of some importance 
for so often the real trouble is caused by 
overzealous treatment. 

Unfortunately, many of the preparations 
containing poisons to which children aic 
exposed in the home fail to provide the 
physician with a clue to the essential chemi- 
cal. Opinion was strong in favor of extension 
of legal requirements for the appearance 0 
the name of the compound on the label to 
guide the physician in appropriate measures, 
to allay panic and to prevent unnecessar) 
treatment. 

At the end of the session the problems 
relating to several other agents which p ar " 
ticipate in household poisonings remaine 
in need of attention, also some of the more 
specific methods of treatment. These will be 
considered in a subsequent conference. 
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Mediastinal Tumor with Gynecomastia 
and Superior Vena Caval Obstruction" 

S tenographic reports, edited by Robert J. Glaser, m.d. and David E. Smith, Jr., m.d., of 
weekly clinicopathologic conferences held in the Barnes Hospital, are published in each 
issue of the Journal. These conferences are participated in jointly by members of the 
Departments ot Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


T he patient, J. S., (B. H.No. 158041), 
a thirty-four year old, white, married 
laborer, entered the Barnes Hospital 
on April 19, 1948, complaining of cough 
and shortness of breath. The family history 
was irrelevant. The patient had enjoyed 
excellent health most of his life, and systemic 
review revealed that aside from frequent 
upper respiratory infection he had had no 
serious illnesses. He had worked as a 
farmer for a number of years and subse- 
quently was employed as a general laborer 
in a chemical plant, 

Six months before entry to the hospital 
he was assigned to work in a portion of the 
chemical factory where he was exposed to 
sulfur fumes and almost immediately he 
began coughing. The patient stated that 
several other men who worked in the same 
section likewise complained of cough. His 
cough became almost continuous and was 
productive of a moderate amount of sputum 
which was occasionally blood- flecked. After 
two months he was transferred to the part 
of the plant in which he had worked 
originally but his cough persisted. Two 
months before admission he was examined 
by his private physician who found evi- 
dence of a mass in his chest. About the same 
time the patient developed dyspnea and 
orthopnea which progressed rapidly so that 
be was unable to lie flat without choking; 
as orthopnea became more severe the 
patient found it necessary to lean forward 
in order to breathe at all. He noted that his 


head began to feel full, that the veins in his 
neck became prominent and that his right 
arm became swollen. His cough became so 
severe that occasionally after a paroxysm 
the patient lost consciousness for a matter 
of seconds. He developed persistent fever, 
his appetite decreased and he complained 
of abdominal fullness after eating only a 
very small amount of food. Eventually 
dysphagia appeared. In the month before 
admission to the hospital the patient’s 
breasts increased in size; they felt hard but 
were not tender. His symptoms progressed 
and he became increasingly weak; following 
a series of laboratory and roentgenographic 
studies, which disclosed an increased basal 
metabolic rate, anemia, leukocytosis and a 
mass in the chest, the patient was advised to 
enter the Barnes Hospital. During the course 
of his illness he had lost 17 pounds. 

At the time of entry his temperature was 
37.5°c., pulse 94, respirations 28 and blood 
pressure 110/70 (right arm), 100/60 (left 
arm). The patient was a well developed 
but poorly nourished male who appeared 
acutely ill. He had great difficulty in breath- 
ing even though propped up in bed. Violent 
coughing was almost constant. He was able 
to breathe somewhat easier when he sat on 
the edge of the bed and leaned forward. 
The veins of the forehead, neck and right 
arm were tightly distended and there was 
some edema in those areas. The veins of 
the thorax were likewise dilated. Pallor 
of the skin and mucous membranes was 
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evident. Enlarged lymph nodes, which 
varied in size from 1 to 3 cm. in diameter, 
were felt in the cervical, left supraclavicular, 
axillary and inguinal regions. In the right 
infraclavicuiar region there was a mass 
4 cm. in diameter which was thought to be 
possibly a lymph node. External examina- 
tion of the eyes was not remarkable; there 
was no Horner’s syndrome. Examination of 
the fundi revealed extreme fullness of the 
veins; the nose and throat appeared normal. 
The neck was swollen but soft, the trachea 
was in the midline and the thyroid was not 
palpable. The thorax was symmetrical and 
expansion was equal. About each breast 
there was a ring of discoid infiltration, ap- 
proximately 3 cm. in diameter, which seemed 
firmly attached to the overlying skin. 
Examination of the chest revealed flatness 
to percussion extending 3 cm. to the left 
and 5 cm. to the right of the mid-sternal 
line anteriorly. Over this area tubular 
breathing was heard; similar breath sounds 
were heard at the right apex posteriorly. 
There were signs of fluid at the right base 
but no rales were audible. Except for 
tachycardia examination of the heart was 
within normal limits. The abdomen could 
not be examined adequately because the 
patient was unable to lie flat, but the liver 
edge apparently extended about 4 cm. 
below the right costal margin. The spleen 
could not be felt. The right testis was 
described as being atrophic; the left was 
not remarkable. Rectal examination was 
negative as was the neurologic examination. 

Laboratory data were as follows: Blood 
count: red cells, 2,790,000; hemoglobin, 

8.5 Gm. per cent; white cells, 12,300; dif- 
ferential count: stab forms, 5 per cent; seg- 
mented forms, 75 per cent; lymphocytes, 
16 per cent; monocytes, 4 per cent. Urin- 
alysis: negative. Stool: guaiac negative. 
Blood Kahn test: negative. Blood chemistry: 
non-protein nitrogen, 16 mg. per cent; 
total protein, 6.3 Gm. per cent; albumin, 

3.6 Gm. per cent; globulin, 2.7 Gm. per 
cent; cephalin-cholesterol flocculation test, 
2 + ; icterus index, 6 units; thymol turbid- 
ity, 8 units; prothrombin time, 50 per cent 


of normal; chlorides, 301 mEq./L., blood 
indices, within normal limits. Roentgeno- 
grams of the chest: films showed the heart 
to be essentially normal in size and shape. 
There was a large mass in the superior 
mediastinum extending further to the right 
than to the left, and there was evidence of 
fluid in the right pleural cavity. Small 
rounded areas of infiltration were scattered 
throughout both lung fields. 

On the night of admission, the patient’s 
respiratory distress became extreme. He 
obtained moderate relief by use of oxygen 
and sedation. The following da)' a biopsy 
was taken of the left breast. It was reported 
to show the histologic appearance of 
gynecomastia with hyperplasia of the ducts 
and proliferation of fibrous tissue. A pre- 
sumptive clinical diagnosis of lymphoma 
was entertained but because of the patient’s 
critical condition it was believed that a 
therapeutic trial with nitrogen mustard was 
merited. The patient received daily doses 
of 6 mg. of nitrogen mustard on four con- 
secutive days; although considerable vomit- 
ing and malaise were associated with these 
treatments, the patient’s dyspnea and ortho- 
pnea decreased. Coincident with clinical 
improvement further laboratory studies 
were undertaken. With the patient at a 
45 degree angle, the venous pressure was 
350 mm. of sodium chloride. The circulation 
time (arm to tongue with decholin) was 
25 seconds. Following completion of nitro- 
gen mustard therapy, the left supraclavicu- 
lar node and the right infraclavicuiar mass 
decreased in size, but a chest film showed an 
apparent increase in the size ol the medi- 
astinal mass. On the twelfth hospital day 
the left supraclavicular lymph node was re- 
moved; microscopic sections showed almost 
total destruction of the lymphoid elements 
by an infiltrating carcinoma. The tumoi 
cells were arranged in broad sheets an 
exhibited a tendency to gland formation. 
Abnormal mitoses were frequent and thcic 
were numerous nucleated tumor giant ccl s. 
The origin of the primary tumor could not 
be determined from the biopsy' specimen. 


Because of the gynecomastia, an 
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heim-Zondek test was performed and was 
reported to be positive. Although the 
patient had shown some symptomatic im- 
provement, roentgen ray therapy was 
directed to the mediastinal mass with increas- 
ing dosage on consecutive days; a total of 
3,800 roentgen units were administered. 
Following blood transfusions, the patient’s 
red cell count rose to approximately 4,000,- 
000. At the conclusion of x-ray therapy 
there was a slight decrease in the diameter 
of the retromanubrial mass, but the amount 
of fluid in the right chest had increased ; the 
parenchymal infiltration of the lungs noted 
on admission remained unchanged. 

During his last week in the hospital the 
patient complained of sharp pain in the 
region of the seventh and eighth ribs in 
the mid-axillary line, and marked rigidity in 
the thoracolumbar region of the vertebral 
column appeared. The testes were re- 
examined; although it was thought that 
both were rather atrophic, no tumor 
nodules could be detected. Shortly before 
discharge, the patient developed 3+ pitting 
ankle edema, and his red count fell to 
2,800,000. Pain in the left chest persisted, 
and he required narcotics almost constantly 
for relief. During his hospital stay his tem- 
perature had remained elevated, sometimes 
being as high as 39°c. At the time of dis- 
charge on May 20, 1948, the right infra- 
clavicular mass was noted to be further 
decreased in size, and the swelling of the 
neck and face had likewise decreased. The 
patient was referred to the tumor clinic for 
follow-up. 

After leaving the hospital he continued to 
have pain in his left chest as he had had 
during his hospital stay. His cough re- 
appeared and once more paroxysms 
occurred during which time he lost con- 
sciousness. He produced occasional bloody 
sputum. Dyspnea progressed, abdominal 
swelling was noted and the patient com- 
plained of considerable epigastric discom- 
iort. Gradually his feet again began to 
swell, the veins in the upper extremities and 
head again became distended and edema 
of the lower extremities increased; on June 
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1, 1948, he was re-admitted for the last 
time. 

Upon admission his temperature was 
37°c., pulse 104, respiration 32 and blood 
pressure 120/80. The patient was markedly 
emaciated. There was pigmentation of the 
skin over the regions to which roentgen ray 
therapy had been directed. The supra- 
clavicular lymph node on the left and the 
infraclavicular mass on the right were 
markedly enlarged. Those in the axillary 
and inguinal regions were enlarged although 
not to the same degree. Venous engorge- 
ment of the face, neck and anterior thorax 
was marked. There was puffin ess of the 
face, brawny edema of the right arm and 
hand and marked pitting edema of the 
lower extremities. Enlargement of the 
breasts was the same as on the previous 
admission. Examination of the lungs re- 
vealed signs of fluid at both bases, more on 
the right. Dry rales were heard at the right 
apex. Retrosternal dullness extended 6 cm. 
to the left and 6 cm. to the right of the mid- 
sternal line. The abdomen was distended, 
apparently with fluid. The liver edge 
extended 7 cm. below the right costal 
margin. As before the testes were small 
but no nodules could be felt. The remainder 
of the physical examination was as on the 
first admission. 

Laboratory data were as follows; Blood 
count: red cells, 3,470,000; hemoglobin, 
7.8 Gm. per cent; white cells, 12,640; dif- 
ferential count: eosinophiles, 2 per cent; 
stab forms, 12 per cent; segmented forms, 
75 per cent; lymphocytes, 8 per cent; 
monocytes, 3 per cent. Blood chemistry: 
total protein, 5.2 Gm. per cent; albumin, 
2.7 Gm. per cent; globulin, 2.5 per cent. 
The remainder of the blood chemical 
findings were unchanged from those re- 
ported previously. Quantitative Aschheim- 
Zondek test: negative for 0.5 cc. of serum, 
positive for 1.0 cc. of serum. Urine keto- 
steroids: 2.6 mg. for twenty-four hours; 
sodium pregnandiol glycuronidate; 19 mg. 
per twenty-four hours. 

The patient’s course in the hospital was 
progressively downhill and was charac- 
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Fig. 1 . Chest film taken shortly after the patient was first admitted to the hospital. In addition to the large 
mediastinal mass, a number of small nodules are seen throughout the lung fields. 

Fig. 2. Lateral view of the chest taken at the same time as Figure 1. Note that the mass lies high in the anterior 
mediastinum. 


terized by increasing cachexia and weak- 
ness. At no time was he able to lie down, 
and for the most part he had to lean for- 
ward in order to breathe. He was given 
large doses of morphine for relief of pain. 
On one occasion a thoracentesis was per- 
formed, and 250 cc. of bloody fluid were 
removed. The fluid had a specific gravity 
of 1.020 and contained 2,100 leukocytes and 
60 per cent polymorphonuclear forms. 
Culture of the fluid was sterile. 

The patient expired quietly on June 17, 
1948. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: Dr. Bottom, 
would you care to discuss the chest films 
for us? 

Dr. Donald S. Bottom: The first film 
(Fig. 1) was taken shortly after the patient’s 
original admission to the hospital and it 
shows a number of interesting findings. A 
large mass may be seen in the mediastinum 
extending well into the right lung field and 


to a lesser extent to the left. Throughout 
the lung there are a number of small areas 
of infiltration, all fairly well circumscribed. 
Furthermore, in the right pleural cavity a 
considerable amount of fluid is present. 
The lateral film (Fig. 2) indicates that the 
mass lies anteriorly. 

The patient was sent to the x-ray depart- 
ment with the clinical diagnosis, “? lym- 
phoma,” and the x-ray diagnosis was 
returned, “? lymphoma.” There are some 
reasons in retrospect which would lead one 
to question that diagnosis. In the first place 
the mass lay anteriorly in the mediastinum, 
and in that area teratomas, tumors of the 
thymus gland or substernal thyroids are 
much more common. Lymphoma, which 
would be more apt to involve the lymph 
nodes around the hilum, would not in a 
likelihood be situated as high in the medi- 
astinum. Furthermore, when one reconsiders 
the . small nodules scattered throughout 
both lungs, he realizes that it would be 
rather unusual to have that type of infi - 
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tration in lymphoma; rather, such masses 
are more typical of metastatic carcinoma. 
In retrospect, therefore, from a radiologic 
point of view a diagnosis of metastatic 
carcinoma would have seemed more suit- 
able than one of lymphoma. Films taken 
after the completion of the course of x-ray 
therapy showed the mass to be smaller than 
it had been originally although the degree 
of change is not very marked. There was 
less fluid in the right pleural cavity. The 
metastatic areas in both lung fields, how- 
ever, were more prominent than they were 
originally. A film taken during the second 
admission (Fig. 3) reveals that the medi- 
astinal mass is considerably smaller than 
originally, but there is a rather large amount 
of fluid in both pleural cavities and a still 
further increase in the size of the metastatic 
nodules in the lung. 

Dr. Alexander: This case is most un- 
usual. From the report of the microscopic 
findings of the lymph node biopsy, it seems 
likely that this man had carcinoma with 
metastases which involved the lungs, medi- 
astinum, lymph nodes and possibly the liver. 
Probably its most unusual feature was the 
association of gynecomastia, confirmed by 
biopsy. The origin of the tumor was not 
apparent to the surgical pathologists, and 
it is our problem to attempt to identify its 
primary site. Since gynecomastia does 
stand out as a striking finding, it would be 
well for us to review the mechanisms by 
which it may occur, and I shall ask Dr. 
MacBryde to comment. 

Dr. Cyril M. MacBryde: In general, 
gynecomastia is associated with the presence 
of abnormally large amounts of estrogenic 
hormones in the male body. One of the 
most common causes of gynecomastia at 
present is the administration of stilbestrol 
in the treatment of carcinoma of the pros- 
tate. Presumably, estrogenic hormone in 
sufficient amount will produce enlargement 
of breast tissue in normal males. Unilateral 
gynecomastia may be seen after injury to 
one breast; local trauma to the breast can 
result in gynecomastia possibly because of 
alteration in the blood supply or because 
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Fig. 3. Chest film taken during the patient’s second 
admission. The mass is somewhat smaller but the amount 
of fluid in the pleural cavities has increased. 

of sensitization of the tissues to amounts of 
hormones normally present. Gynecomastia 
is seen occasionally in newborn infants, 
both male and female; presumably, its 
occurrence under those circumstances is 
explained by the estrogen which was trans- 
ferred to the body of the infant from the 
mother through the placenta. It usually 
disappears shortly after birth. Hypertrophy 
of breast tissue is seen in young boys at the 
age of puberty but the mechanism is not 
well understood; it is not a universal find- 
ing at that juncture. Gynecomastia oc- 
casionally occurs in older men who have a 
decrease in the production of testicular 
hormone. In regard to more serious condi- 
tions, gynecomastia appears in association 
with injury to the testes, with tumors of the 
testes and with certain diseases which result 
in atrophy of the testes. Cryptorchid testes 
seem to be particularly susceptible to the 
development of tumors with which gyneco- 
mastia may be associated. It also may be 
seen with any disease which leads to severe, 
diffuse liver damage, particularly cirrhosis. 
The cause usually advanced is that the liver 
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is unable to inactivate amounts 
normally present in the male. 

Dr. Alexander: Does gynecomastia oc- 
cur in association with pituitary or adrenal 
disorders? 

Dr. MacBryde: Yes, rarely it may. 

Dr. Alexander: On several examina- 
tions this patient was reported to have 
atrophy of both testes, but no tumor nodules 
were noted. Dr. Rouse, you saw this patient. 
Would you describe your findings? 

Dr. Ernest T. Rouse: Both testes were 
small, but both were definitely present. 
They were palpated repeatedly for tumor 
nodules, but none were ever detected. I did 
not believe that the degree of atrophy was 
remarkable. 

Dr. Alexander: Although the patient 
had a 2+ cephalin-cholesterol flocculation 
test and an enlarged liver, I do not believe 
that there was liver damage to the extent 
necessary to explain gynecomastia on that 
basis. Dr. Wade, the Aschheim-Zondek test 
was reported as positive. Under what cir- 
cumstances may a positive result be re- 
corded other than with pituitary stimulation? 

Dr. Leo J. Wade: The Aschheim-Zondek 
test is normally positive during pregnancy 
and is associated with the appearance of 
large amounts of chorionic gonadotropic 
substances. The most common pathologic 
cause of a positive Aschheim-Zondek test is 
chorio-epithelioma which may give rise to 
enough chorionic gonadotropic substance 
to yield a positive test. 

Dr. Alexander: Dr. Wood, I understand 
that you first suggested that this test be 
performed. Would you tell us your reasons 
for requesting the procedure? 

Dr. W. Barry Wood, Jr.: Members of 
the house staff and others of us who saw this 
patient were very impressed by the gyneco- 
mastia. We believed as you did that the 
degree of liver involvement was not sufficient 
to explain it. Further, the patient had not 
been starved for a sufficiently long period 
of time in our opinion. In males one of the 
causes of gynecomastia is chorio-epithe- 
lioma, and for this reason we suggested to 
the house staff that an Aschheim-Zondek 


test be obtained in an attempt to confirm 
that impression. When the positive results 
were made known, I consulted Dr. Robert 
A. Moore and told him that the patient had 
gynecomastia and a mediastinal mass. I 
asked him whether there could be any pos- 
sible relation between the two, and he 
referred me to a paper on teratomas of the 
mediastinum in which Dr. H. G. Schlum- 
berger, working in the Army Medical 
Museum, reported the results of a study of 
all the teratomas in the museum collection. 1 
A number of cases of teratoma, instead of 
originating in the testis, arose primarily in 
the mediastinum. Having seen that paper, 
we became very much interested in the 
possibility that this patient had a primary 
teratoma of the mediastinum with a chorio- 
epithelioma which had metastized and 
which had also caused the gynecomastia. 
That was our working hypothesis while the 
patient was in the hospital. 

Dr. Alexander: Is it n-ue that chorio- 
epitheliomas may produce enormous quan- 
tities of gonadotropic hormone? 

Dr. MacBryde: Yes. 

Dr. Alexander: Dr. Moore, are metas- 
tases of chorio-epithelioma functional? 

Dr. Robert A. Moore: In some in- 
stances metastases do produce chorionic 
gonadotropin. That depends in part on the 
maturity of the tumor. One cannot make a 
categorical statement, but I believe that it 
is generally accepted that cytotrophoblasts 
are the cells which produce chorionic 
gonadotropin. The cytotrophoblast is char- 
acteristic of the early stage of placental de- 
velopment which is the reason why the 
amount of gonadotropin produced is so 
high during the first month of pregnane) 
and then starts to decrease although in rela- 
tive terms it is still high at the end of 
pregnancy. Chorio-epithelioma will dupli- 
cate the general structure of the placenta 
in every stage of its development. I can 
well imagine that at any given stage a 
metastatic nodule might produce smal 

1 Schlumberger, H. G. Teratoma of anterior medi 
astinum in group of military age; study of 16 cascsant 
review of theories of genesis. Arch. Path., 41 : 398. 19 
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amounts of hormone whereas another might 
produce huge amounts, depending on the 
relative number of immature cytotropho- 
blasts in the particular nodule. 

Dr. Alfred Goldman: There are cases 
reported in the literature in which, follow- 
ing removal of the primary teratoma, cho- 
rionic gonadotropin disappeared from the 
urine only to reappear when metastases 
from the original tumor became evident. 

Dr. Alexander: That is a most interest- 
ing point, Dr. Goldman. When the Asch- 
heim-Zondek test was done in this case, it 
was negative with 0.5 cc. of serum but was 
positive with 1 cc. of serum. Does that find- 
ing disturb you? 

Dr. Wood: At the time we developed our 
hypothesis that report was not available; 
in retrospect, however, although those re- 
sults are a bit disturbing, they do not make 
me believe that the diagnosis of chorio- 
epithelioma need be retracted. 

Dr. A. Lewis Farr: It should be noted 
that the production of chorionic gonado- 
tropin may be quite variable. It is usually 
stated in textbooks that the amount of 
gonadotropin produced by chorio-epithe- 
liomas is extremely high. Dr. Willard 
Allen, however, studied a number of female 
patients with chorio-epitheliomas in whom 
production of gonadotropin was not sig- 
nificantly elevated. 

Dr. Alexander: It is my understanding 
that the cause of gynecomastia in the male 
in the presence of excess estrogen. Is there 
any evidence that chorionic gonadotropin 
per se, gives rise to secondary female sexual 
characteristics? 

Dr. MacBryde: I do not believe that it 
alone can produce gynecomastia. 

Dr. Alexander: Is it not true that 
gynecomastia is quite rare in males with 
chorio-cpithelioma? I believe that in 1915 
when Dr. J. V. Cooke reported the forty- 
seventh case, his was only the second in 
which gynecomastia was definitely de- 
scribed; in no other case was mention made 
of breast changes. 2 

~ p ® OKE ' J' Chorio-cpithelioma of the testicle. 

mill. Johns Hopkins IJosp.. 26: 215. 1915. 
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Dr. MacBryde: Certainly all patients 
with chorio-epithelioma do not have 
gynecomastia. 

Dr. William H. Daughaday: The endo- 
crine aspects of testicular tumors have been 
thoroughly reviewed by Twombly. 3 He 
noted that there may be increased produc- 
tion of progesterone (as indicated by 
pregnandiol excretion), estrogens and of 
chorionic gonadotropin as well. Increased 
estrogen excretion was largely limited to 
patients with mixed epitheliomas rather 
than carcinomas. In five of eight such 
patients the excretion was moderately to 
markedly increased. There appeared to be 
a direct correlation between the amount of 
chorionic gonadotropin and increased estro- 
gen excretion. Gynecomastia was associated 
with marked increase in urinary estrogen 
excretion. 

Dr. Alexander: Dr. Wood, would you 
concede that the primary site of the tumor 
could have been in the testis, although it 
was too small to have been detected 
clinically? 

Dr. Wood: Certainly. 

Dr. Alexander: In summary, it seems 
that we agree that this patient had a chorio- 
epithelioma, probably primary in the medi- 
astinum. Due to the limitation of time, we 
have been unable to discuss the superior 
caval syndrome, a classical example of 
which was seen in this man. 

Clinical Diagnoses: Chorio-epithelioma; 
?primary in mediastinum with generalized 
metastases; superior vena caval syndrome 
due to chorio-epithelioma of the mediasti- 
num. 

PATHOLOGIC DISCUSSION 

Dr. Thomas L. Young: At autopsy the 
body showed evidence of considerable 
weight loss. The skin was pasty gray in 
color. There was marked pitting edema of 
the legs and the left thigh and the neck 
veins were slightly distended. A few nodes 

3 Twombly, G. H. and Pack, G. T. Relationship of 
hormones to testicular tumors. In Endocrinology of 
Neoplastic Diseases. P. 228. Oxford University Press. 
New York, 1947. 
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were palpable in the left supraclavicular 
region. Both breasts were enlarged and 
beneath each nipple freely movable, firm 
masses, 3 cm. in diameter, were noted. 
There were also two small subcutaneous 
nodules just lateral and superior to the 
areola of the left breast. 

There were 1,700 cc. of sanguineous fluid 
in the left pleural space and 1,100 cc. in the 
right. The lungs were studded with soft 
hemorrhagic, umbilicatcd tumor nodules, 
varying in size from a few mm. to 3 cm. in 
diameter. The pleural spaces about both 
apices were obliterated by dense fibrous 
adhesions. In the superior mediastinum 
encroaching on the apex of the right lung, 
the trachea, the superior vena cava and 
invading the azygos vein, there was a large 
mass 8 cm. in diameter; on cut section it 
was soft and variegated in appearance with 
many areas of necrosis and hemorrhage. 
Most of the tumor nodules in the lungs 
were hemorrhagic although on cut section 
some were yellowish brown, necrotic and 
friable. 

In the abdomen the tumor surrounded 
the aorta and obliterated the vena cava 
and the iliac veins. In the region of the left 
adrenal there was a large, blue, soft mass 
which partially replaced the parenchyma 
of the gland, and numerous smaller tumors 
were scattered throughout the perirenal 
tissues. The lymph nodes in the abdominal 
cavity, including those in the peri-aortic 
and peripancreatic regions, were invaded 
by tumor tissue. In addition the tumor had 
extended retroperitoneally along the aorta, 
the vena cava and the renal vessels. A few 
nodules lay near but did not invade the 
ureters. The liver contained discrete, cir- 
cumscribed, soft, cheesy, yellowish- white 
tumor masses varying in size from 0.5 to 
4.0 cm. in diameter; only a few were 
hemorrhagic. 

Both testes were atrophic, but in the right 
testis posteriorly a small firm nodule, 1 cm. 
in diameter, was palpable. On section the 
mass was found to be a cyst containing clear, 
colorless fluid. The left testis and epididymis 
were normal. 


The brain weighed 1,560 Gra. The men- 
inges were congested and a moderate 
cerebellar pressure cone was present; the 
unci of the temporal lobes were herniated 
slightly through the incisura tentorii. The 
ventricles were slightly dilated and a small 
mucoid cyst was present in the choroid 
plexus of the third ventricle. No metastascs 
of the tumor were demonstrable in the 
brain. The pituitary was grossly normal. 

Dr. Robert A. Moore: In this case the 
primary lesion was a tumor which involved 
many structures, including the mediasti- 
num, lungs, liver, retroperitoneal lymph 
nodes and breasts. The tumor was soft and 
gray-red with numerous foci of hemor- 
rhage; all of the nodules, however, were 
not converted into hemorrhagic masses 
such as are usually seen with chorio- 
epithelioma of the testis or mediastinum. 

The first section (Fig. 4) illustrates the 
lobulated architecture of this tumor; a 
moderately dense connective tissue septum 
extends across the lower left corner of the 
field and in it are a moderate number of 
lymphocytes. Much of the tumor is necrotic 
as can be seen in the large focus on the right 
side of the photomicrograph. The tumor 
itself is not made up of a uniform type of 
cell; rather, it seems to follow a pattern 
as it were. In some areas of the section in 
Figure 4 two cell types maybe distinguished; 
one group consists of large cells with 
moderately distinct cell borders, vacuolated 
or reticulated cytoplasm and nuclei which 
are highly anaplastic in appearance. In 
some of the nuclei, nucleoli may be seen. 
The second group of cells shows a good 
deal of variation. Some of the cells are quite 
dark with nuclei which are much moie 
chromatic. The architectural pattern is 
such that the pale large cells are in the 
center and the smaller more chromatic 
cells are on the outside. Figure 2 is another 
view of the tumor in an area of necrosis. It 
illustrates the association of hemorrhage m 
close association with these same cells, n 
Figure 3 the two cell types are seen undcr 
higher magnification. At the left of tic 
section a number of pale large cells wit 
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Fio. 4. Metastatic chorio-epithelioma showing the lobulated architecture and a focus of necrosis. 

Fig. 5. Hemorrhage and necrosis in close association with the cells of the tumor. 

Fio. 6. Cell types within the tumor illustrating the large pale cells with vacuolated nuclei and darker cells 
with more chromatic nuclei. 

Fig. 7. Detailed illustration of the large syncytiotrophoblastic cell and an abortive chorionic villus to the 
left of center. 


vacuolated nuclei are seen; on the right the 
cells exhibit basophilic cytoplasm and more 
chromatic nuclei. A detailed view of the 
large cell type is seen in Figure 4. The cell 
wall is irregular, there is fine vacuolation 
and some basophilia of the cytoplasm and 
the cell is multinucleated. It may be noted 
that the tumor is characterized by cellular 
masses in which a large pale cell is sur- 
rounded by more chromatic smaller cells. 

There can be no question that this tumor 
is a chorio-epithelioma for it exhibits all of 
the essential characteristics. There are 
aborted, very early chorionic villi made 
up of a cytotrophoblast surrounded by 
syncvtiotrophoblasts. The syncytiotropho- 
blasts have the typical appearance of those 
seen in the placenta from the eighth to 
tenth days of human gestation; it is at this 
time that these cells produce more chorionic 
gonadotropin than they do at any other 
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stage of development and maturation. This 
tumor, which may also be called a chorio- 
carcinoma, duplicates the structure of the 
placenta. It has a tremendous proclivity 
for invasion of tissue over and above that 
which the trophoblastic cell shows in 
invading blood vessels in the normal 
placenta. 

Let us now consider the fact that in the 
male chorio-epithelioma may occur prima- 
rily in any one of three places: It may arise 
in a testicular tumor, in the mediastinum 
or in the region of the pineal body. These 
three sites may be properly grouped under 
two headings: gonadal and extragonadal, 
the tumors arising in the mediastinum and 
the region of the pineal body being classified 
together as extragonadal. It is relatively 
simple to explain the origin of any toti- 
potential tumor cell if it occurs in the gonad 
but it is more difficult to explain its occur- 
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Fig. 8. Metastatic tumor in the liver with the typical architecture of a chorio-epithelioma. 

Fig. 9. A section showing metastatic tumor in the lung. 

Fig. 10. Section of the breast with changes of gynecomastia on the left and metastatic chorio-epithelioma 
on the right in a single field. 

Fig. 11 . Cyst in the wall of the testis. Note that the cells lining the cyst wall are of the tall columnar type 
characteristic of the alimentary canal. The lamina propria and muscularis arc seen underlying the epi- 
thelial layer. 


rence outside the gonad. It is important to 
remember, however, that both of the 
extragonadal sites of origin are in the mid- 
line; it seems quite likely that totipotential 
cells which retain their capacity to produce 
both trophoblastic and somatic cells are 
isolated in the blastophore stage of the 
embryo and come to rest in either of these 
two sites. 

To illustrate further that this tumor was a 
classical chorio-epithelioma Figure 5 shows 
a metastatic lesion in the liver; again, there 
are cytotrophoblasts and syncytiotropho- 
blasts in typical relation to one another. 
Figure 6 is a section of the lung in which 
another metastasis is seen; again, the orien- 
tation of the two cell types is typical. 

Figure 7 is a section of the breast which 
confirms the diagnosis of both gynecomastia 
and metastatic chorio-epithelioma. On the 
left hyperplasia of the epithelium, thicken- 


ing of the periductal tissue and slight peri- 
ductal cellular infiltration are seen; on 
the right metastatic chorio-epithelioma is 
apparent. 

Dr. Young described a cyst in the testis 
1 cm. in diameter and Figure 8 is a section 
from the wall of the testis showing a cystic 
space lined with tall columnar epithelium 
of the type seen in the alimentary canal; 
beneath the epithelium smooth muscle 
may be seen. 

In view of this finding I believe that a 
diagnosis of teratoma of the testis must be 
made and this case assumes great impoi- 
tance in regard to our concepts of the 
nature of testicular tumors; it represents 
one of eight or ten in the literature in which 
there is association of a true adult teratoma 
of the testis and metastatic chorio-cpithe- 
lioma although to find a teratoma of the 
testis that has some other elements in it and 
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metastatic chorioepithelioma is not unusual. 
If I propose to you that at some earlier 
date this patient had a malignant tumor 
of the testis which metastasized and that 
subsequently the primary tumor became 
benign, it will involve some theorizing 
concerning the nature of testicular tumors. 
However, I would like to attempt to sup- 
port just that concept. I think it is becoming 
increasingly evident that nearly all testicu- 
lar tumors are of one type although they 
may show some cellular variations which 
influence their prognosis. The basic fact 
in regard to tumors of the testis is that they 
are derived from a sex cell which probably 
undergoes parthenogenesis during the course 
of development of the tumor. Now if indeed 
such a series of circumstances occur, two 
cell types may result, namely, trophoblastic 
and somatic cells. In the normal course of 
pregnancy the trophoblastic cells become 
the adult placenta and are discarded at the 
end of the period of gestation; the somatic 
cells develop into the organism. A com- 
parable chain of events occurs in testicular 
tumors. My own hypothesis, which has 
been accepted and propounded independ- 
ently by others, is that all testicular tumors 
go through a phase in which they contain 
malignant trophoblastic tissue as well as 
somatic tissue. In some instances the 
somatic element is lost and eventually only 
chorio-epithelioma remains. In other in- 
stances the trophoblasts are lost and only 
the somatic portions remain so that an 
adult teratoma develops. If during the 
earliest period of development of such a 
tumor a few trophoblastic cells escape, 
they may develop into a chorio-epithelioma 
at a distant site although in the primary 
site the trophoblasts may disappear and 
leave only somatic cells to form a benign 
adult teratoma. I think such a sequence of 
events occurred in this case. Another possi- 
bility which seemed likely when we first 
examined the testis and found a nodule is 
even rarer than the one which I have just 
discussed, namely, that the primary tumor 
develops from one of the trophoblastic cells, 
but for some unknown reason it undergoes 
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fibrosis and destruction and ultimately is 
represented by only a scar. I have seen two 
such cases in the series that I studied. 

I would like to comment briefly on the 
subject of hormone production by tumors 
for I think it is most important to correct 
some of the false impressions concerning 
the presence of gonadotropin in the urine. 
In patients with all types of testicular tumors 
there is an increased amount of gonado- 
tropin, but if an examination is made to 
distinguish between hypophyseal gonado- 
tropin, originating presumably from the 
basophilic cells of the pituitary, and chor- 
ionic-gonadotropin, originating from cy to tro- 
phoblasts, it will be found that hypophyseal 
gonadotropin is increased in every patient 
with a testicular tumor. Certain patients 
with tumors of the testis have in addition 
large amounts of chorionic gonadotropin 
and surgical excision of the tumor or its 
destruction by radiation in no way influ- 
ences the hypophyseal gonadotropin but 
merely removes the source of chorionic 
gonadotropin. The divergence of opinion 
in the literature concerning the effects of 
operation on gonadotropin excretion re- 
sults from the failure to consider the nature 
of the determination performed; some 
workers have measured hypophyseal gon- 
adotropin whereas others have determined 
chorionic gonadotropin. Thus, with more 
sensitive tests it has been reported that 
removal of the tumor had no effect on 
gonadotropin excretion, whereas with rela- 
tively insensitive tests which are commonly 
employed in most laboratories excellent 
results have been obtained which show that 
gonadotropin is present before operation 
but disappears afterward. If this phase of 
the problem is to be clarified, a sensitive 
procedure is essential; if that is done, it is 
found that the only two tumors of practical 
importance which produce chorionic gon- 
adotropin are the embryonal carcinoma 
and chorio-epithelioma. Patients with adult 
teratomas do not excrete increased amounts 
of hypophyseal gonadotropin as do all 
patients with testicular tumors. 

Finally, concerning gynecomastia, I do 
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not know that anyone has put forward 
evidence as to why some patients with 
chorio-epithelioma have gynecomastia and 
othei's do not. I would reason that the 
estrogen producing gynecomastia comes 
from the chorionic cell and I think that if one 
carefully examined the cells of the tumors 
in those with gynecomastia, one might be 
able to determine which cellular element 
or architectural pattern is present only in 
such patients and absent in those without 
gynecomastia. 

Anatomic Diagnoses: Adult teratoma in the 
right testis; metastatic chorio-epithelioma 
in all lobes of the lungs, liver, breasts, sub- 
cutaneous tissues of the left thorax, pelvis 
of the right kidney and the left adrenal 


gland, and in the iliac, peri-aortic, peri- 
pancreatic and anterior and posterior 
mediastinal lymph nodes; extension of chorio- 
epithelioma into soft tissues of the mediasti- 
num with invasion of the superior vena 
cava and azygos vein and the wall of 
the trachea; chorio-epithelioma involving the 
retroperitoneal connective tissue about the 
aorta, inferior vena cava, renal pedicles 
and ureters; gynecomastia, bilateral. 

Acknowledgment: Illustrations were made by 
the Department of Illustration, Washington 
University School of Medicine. 

Editor’s Note: Reprints of these conferences are now 
available. Requests should be sent to Dr. Robert J. 
Glaser, Department of Medicine. Barnes Hospital, 
St. Louis 10, Mo. 
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Case Reports 


An Unusual Case of Clonorchiasis with 
Marked Eosinophilia and Pulmonary 

Infiltrations* 


George E. Cartwright, m.d. 
Salt Lake City, Utah 


A case of clonorchiasis with marked 
eosinophilia in the peripheral blood 
and bone marrow and bilateral 
pulmonary infiltrations is presented. The 
similarity and possible relation of this con- 
dition, Ldffier’s syndrome and tropical 
eosinophilia (eosinophilic lung) is discussed. 

The case presented is of interest for 
several reasons: 

1. Clonorchiasis in army personnel has 
not been rare. It has been encountered 
frequently in the China-Burma-India thea- 
ter. During the winter of 1945 to 1946 a 
number of patients with leukocytosis, marked 
eosinophilia and carrying ova of Clonorchis 
sinensis in the feces were observed in an 
Army general hospital in Shanghai, China. 
Heretofore this condition has received very 
little attention within the United States. 
The problem will be of importance in re- 
turning military personnel, not only from 
the China theater but also from Korea and 
Japan. It will now have to be considered in 
patients presenting marked eosinophilia and 
the diagnosis, even in experienced hands, is 
many times difficult. In many cases the ova 
can be demonstrated only after repeated 
stool and bile examinations. 1 

2. As far as the author is aware no cases 
of clonorchiasis with pulmonary infiltrations 
have been recorded in the literature. This 
enlarges the growing list of ctiologic agents 
>n the production of the so-called Lbffler’s 
syndrome. 


3. The reported cases of clonorchiasis in 
which the blood changes have been followed 
over such an extended period of time are 
few. 

4. The similarity between this condition 
and tropical eosinophilia (eosinophilic lung) 
gives rise to several interesting problems. 

Clonorchiasis is caused by the presence 
of the Oriental liver fluke, Clonorchis 
sinensis, in the biliary passages. 1,3 This 
fluke occurs in the Far East as a common 
parasite of fish-eating mammals. The highly 
endemic regions of human infection are 
China, French Indo-China, . Japan and 
Korea. The life cycle requires about three 
months. Man, dogs and cats serve as 
reservoir hosts. The eggs, laid in the smaller 
bile passages, are carried down the common 
bile duct to the duodenum and are passed 
in the stools. The ova must reach water and 
are believed to hatch when ingested by 
appropriate species of snails. Development 
within the snail requires four to five weeks 
and includes the production of mother 
sporocysts followed by a generation of 
rediae. At the end of this interval cercariae 
break out of the rediae and emerge from 
the snail. These cercariae penetrate be- 
neath the scales and into the musculature 
of fresh water fish where after a develop- 
mental period of several weeks they produce 
cysts. After ingestion of raw or poorly 
cooked fish by man or other suitable mam- 
malian hosts the cysts are digested and the 
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parasites are released in the duodenum 
where they become attached to the mucosa. 
They soon migrate through the papilla of 
Vater into the common bile duct and then 
into the smaller biliary radicles, especially 
those of the left lobe of the liver. Pathologi- 
cally, clonorchiasis is characterized by 
proliferation of the biliary epithelium, 
connective tissue hyperplasia and, in severe 
prolonged cases with repeated infections, 
by fatty degeneration, eosinophilic infiltra- 
tion and cirrhosis of the liver . 4 The majority 
of infected persons harbor few worms and 
do not present significant symptoms . 5 A few 
patients develop edema, diarrhea and 
hepatomegaly. The most advanced cases 
are associated with cirrhosis of the liver, 
anasarca, cachexia and extreme jaundice. 
No satisfactory treatment has been found. 
Gentian violet medicinal administered orally 
is recommended for heavy infections of 
long-standing. The disease runs a self- 
limited course in asymptomatic patients 
with light infections. 

CASE REPORT 

A white male, aged twenty-one, entered the 
orthopedic service of a general hospital in 
Shanghai, China, on April 7, 1946, complaining 
of intermittent low backache. 

Three years previously he had been kicked 
low in the back by a horse, following which he 
was in bed for three weeks with low back pain. 
Since that time, he had had intermittent pain 
brought on by jolting rides, stooping and weight 
lifting. On the day prior to admission, following 
a severe jolting ride in a truck, the pain became 
severe, especially upon stooping, and he was 
confined to bed. The pain did not radiate, was 
localized over the lumbar area and was not 
accentuated by coughing or sneezing. 

The past history revealed that the patient 
arrived in India in February, 1945. Shortly 
afterward he developed a mild, productive 
cough and noticed “bronchial wheezing” espe- 
cially at night. These symptoms were never 
severe. On December 22, 1945, he attended a 
banquet in Kunming, China, and ate poorly 
cooked native fish. Three months later he 
developed a bilateral conjunctivitis which lasted 
two weeks. 


The patient gave a history since the age of 13 
of numerous attacks of “hives” supposedly due 
to oranges, tomatoes and strawberries. He had 
had about twelve attacks of hives in the previous 
ten months although he had rarely eaten 
oranges, tomatoes or strawberries. The attacks 
were relieved by adrenalin and calcium. There 
was no other history of allergy. He was treated 
for amebic dysentery in May, 1945. He gave no 
history of diarrhea since that time. 

The family history revealed that the patient’s 
mother frequently developed hives following 
ingestion of tomatoes. There was no other family 
history of allergy. 

Physical examination disclosed the following: 
Temperature, 98.8 °f., pulse, 82; respiration, 16 
and blood pressure, 122/84. The patient did 
not appear ill. He was somewhat obese with a 
rather marked lordosis and protuberant ab- 
domen. The conjunctivae were moderately 
injected bilaterally. The sclerae were not icteric. 
The color of the mucous membranes was nor- 
mal. There was slight tenderness on deep 
palpation over the mid-lumbar spines, the 
sacrospinalis muscles and both costovertebral 
angles. There was no glandular enlargement. 
The liver and spleen were not palpable. The 
remainder of the physical examination, including 
examination of the chest, was not remarkable. 

Laboratory data revealed the following: Kahn, 
negative; hemoglobin (Sahli), 16 Gm. per cent; 
sedimentation rate, 18 mm. per hour; volume 
of packed red cells, 42 cc. per 100 cc., white cell 
count, 10,000 per cu. mm. Differential count: 
metamyelocytes, 2 per cent; neutrophiles, 48 per 
cent; eosinophiles, 20 per cent; lymphocytes, 
26 per cent; monocytes, 4 per cent. Routine 
examinations of the urine including micro- 
scopic examination were unremarkable. A 
urine culture was sterile. The non-protein 
nitrogen of the blood was 34 mg. per cent. A 
Mosenthal concentration-dilution test was nor- 
mal (1.025 to 1.003 specific gravity). An intra- 
venous pyelogram failed to reveal any ab- 
normalities. X-rays taken of the lumbosacra 
spines and pelvis were not remarkable. Re- 
peated stool cultures failed to reveal the presence 
of a pathogenic organism. Twenty-four stoo 
examinations for parasites and ova were 
negative. No significant abnormalities were 
noted on proctoscopic examination. 

Intracutaneous skin tests were perforine 
with thirteen inhalent allergens, seventeen foo 
allergens, two pollens and two molds, with t re 
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Fig. 1. a, roentgenogram of the chest taken on May 1st showing bilateral lower lung field 
infiltrations; b, roentgenogram taken on May 6th. There has been noticeable resorption 
of the process in the left lower lung field; there has been little change on the right; c, roent- 
genogram taken on May 13th. There has been further resorption on the left but still no 
significant change on the right; d, roentgenogram taken on June 10th. There has been 
complete clearing of the infiltrative process in both lung fields. The bronchial markings 
are somewhat increased. 


following positive results: rice, 3 plus; house 
dust, 3 plus; cow, 2 plus; feathers, 2 plus; yeast, 
2 plus; orris, 1 plus; pyrethrum, 1 plus; corn, 
1 plus; tomatoes, 1 plus. No sensitivity was 
found to oranges. 

Hie back pain subsided completely upon 
heat, rest, acetylsalicylic acid and use of a 
backboard. On the second hospital day (April 
9th) he had a mild shaking chill and the tem- 
perature rose to 100. 4°f. (oral). A blood smear 
for malaria was negative. Thereafter the oral 
temperature fluctuated between 98.0 and 
99.2 r. On April 30th the per cent of eosino- 
r r. n r u a r y , 19 4 9 


philes had risen to 65. The white cell count was 
7,600 per cu. mm., the sedimentation rate 
(Wintrobe hematocrit tube) 17 mm. per hour 
and the volume of packed red cells 42 cc. per 
100 cc. The patient was transferred to the 
medical service for an investigation of the low 
grade fever and eosinophilia. On May first 
examination of the chest revealed dullness to 
percussion with decreased tactile fremitus and 
decreased breath sounds over the left lower lung 
field posteriorly. The roentgenogram (Fig. 1) 
showed an area of moderately increased density 
covering the entire left lower lung field below 
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the eighth rib posteriorly and a small area of generalized moderate increase in density with 

moderately increased density located in the an increase in the bronchial markings. The 

sixth right anterior interspace. There were no patient developed a mild cough productive of 

symptoms, pulmonary or otherwise, at the *. small amounts of yellowish-mucoid sputum 

time. The sedimentation rate was 19 mm. per A smear of the sputum stained with Wright's 

hour and the cold agglutination titer was not stain revealed that about 50 per cent of the cells 
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Fig. 2. Showing the effect of mapharsen on the leukocyte count and absolute and 

relative eosinophilia. 

diagnostic. Blood cultures were repeatedly were eosinophiles. The cough persisted. Physical 

sterile. Typhoid “H” and “O” and para- examination of the lungs again failed to reveal 

typhoid A and B agglutinations were not sig- any abnormalities. By May 27th a noticeable 

nificant. A roentgenogram of the chest taken on resolution had taken place as seen in the roent- 

May 10th revealed clearing in the left lower genogram. By June 3rd almost complete resorp- 

lung field but there was no change in the density tion of the infiltrative process had taken place, 

in the right lower lung field. (Fig. 1b.) By May The bronchial markings over both lower lung 

13th the left lower lung had cleared still more fields remained moderately increased. The 

but the bronchial markings were quite dense. cough disappeared and the patient was asymp- 

The area of density in the right lower lung was tomatic and afebrile. The white cell count had 

unchanged in size and also seemed to follow the risen to 24,400 per cu. mm. and the per cent of 

pattern of the bronchioles. (Fig. lc.) There was eosinophiles to 62. The eosinophiles were again 

no rise in the cold agglutinin titer. Repeated adult cells with an occasional band form. No 

blood cultures were sterile. Between the 8th and myelocytes or blast cells were seen. Between 

12th of May the temperature fluctuated be- the 3rd and the 19 th of June the white cell count 

tween 99.0 and 100. 0°f. Examination of the varied between 10,000 and 17,000 per cu. mm. 

chest during this time was not remarkable. The eosinophiles fluctuated between 45 and 74 

There was slight leukocytosis (10 to 13 thousand per cent. During this period there was complete 

per cu. mm.) and the eosinophiles fluctuated resolution of the process in both lung he s. 

between 39 and 54 per cent. The eosinophiles The bronchial markings in the right lower lung 

were principally normal adult cells with an field were still somewhat increased. (Fig. 1°-) 

occasional stab cell. No myelocytes or abnormal Repeated examinations of fresh specimens o 

cells were seen in the blood smear. On May 20th stool were negative for ova and parasites, 

the lower lung fields bilaterally showed a Aspiration of the sternal marrow on June t , 
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at which time the total white count was 24,200 
per cu. mm. and the per cent of eosinophiles was 
62, revealed the following information: Myelo- 
blasts, 1.0; promyelocytes, 4.0; eosinophilic 
myelocytes, 4.0; eosinophilic metamyelocytes, 
10.0; eosinophiles, 32.0; neutrophilic metamye- 
locytes, 5.0; neutrophiles, 15.0; lymphocytes, 
16.0; monocytes, 2.0; normoblasts, 9.0; mega- 
karyocytes, 1.0; basophiles, 1.0. 

Mapharsen therapy was begun on June 19th. 
The patient received six intravenous injections 
(0.31 Gm.) over a sixteen-day period. (Fig. 2.) 
There was a marked rise in the total white count 
to 34,900 per cu. mm. and the eosinophiles 
fluctuated between 40 and 76 per cent. On 
July 1st ova of Clonorchis sinensis were demon- 
strated for the first time in the stool. Many ova 
were seen. This was the twenty-fifth stool 
examination. Many ova of Clonorchis sinensis 
were again seen on the following day. By the 
time the mapharsen therapy had been com- 
pleted (July 4th) the white cell count and per 
cent of eosinophiles had begun to fall. During 
the next three months the white cell count 
gradually decreased to normal and the eosino- 
philes diminished to 2 per cent. During this 
time the patient was afebrile and entirely 
asymptomatic. Physical examination of the 
lungs was not remarkable. Stereoscopic films of 
the chest taken on September 10th were nega- 
tive. Ova were never again demonstrated in the 
stool and two examinations of the bile were 
negative for ova. At no time during the course 
of the illness was diarrhea present. 

Summary. This patient entered the hos- 
pital with a complaint of low back pain 
which was irrelevant to the condition under 
discussion. On admission an eosinophilia 
of 20 per cent was present. He was asymp- 
tomatic except for the initial complaint. 
During the hospitalization he developed 
chills, an intermittent low grade fever and 
clinical and roentgenologic evidence of 
bilateral pulmonary infiltrations. The physi- 
cal signs were fleeting but the infiltrations 
were slow in resolving. Following detection 
of the pulmonary lesions, he developed a 
cough productive of small amounts of 
sputum containing many eosinophiles, as 
well as leukocytosis associated with an 
increase in the eosinophiles in the peripheral 
blood to 74 per cent. A differential count 
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on the bone marrow obtained following 
sternal puncture revealed that 46 per cent 
of the cells were eosinophiles. Following 
mapharsen therapy, there was an initial 
increase in the eosinophilia and leukocytosis 
which was followed by a gradual decline to 
normal over the course of several months. 
Diarrhea was not a feature of the illness. 
The ova of Clonorchis sinensis were demon- 
strated in two consecutive stool specimens. 
The patient was not particularly ill at any 
time; indeed, there was a paucity of clinical 
symptoms and sighs. 

The difficulty in the diagnosis of clonor- 
chiasis is well illustrated in this case. The 
first twenty-four stool examinations were 
negative. It is difficult to state with certainty 
when the original infection occurred. To 
the patient’s knowledge the only time he 
had eaten local fish was on December 22, 
1945. Whether the mild pulmonary symp- 
toms which he experienced in India in the 
early part of 1945 were a part of his illness 
or a separate one is not known. The symp- 
toms were not severe enough for him to 
request a medical examination at the time. 
It is interesting that he had a history of 
previous allergy and that there was a 
familial history of allergy to a limited degree. 
What relation this had, if any, to the pa- 
tient’s symptoms and signs is impossible to 
state. 

COMMENTS 

Leukocytosis and eosinophilia have been 
noted in both experimental 6,7 and human 
clonorchiasis. A significant eosinophilia and 
marked leukocytosis are present in most 
Koreans infected by Clonorchis sinensis. 1 
Bercovitz 1 has reported an eosinophilia as 
great as 48 per cent and a leukocytosis as 
high as 31,600 per cu. mm. An eosinophilia 
(10 to 47 per cent) but not leukocytosis has 
been reported in infected Chinese. 6 In 
Japan it is stated that clonorchiasis is 
accompanied by leukocytosis but eosino- 
philia has been observed in only about 24 
per cent of the cases and then it is never 
marked. 8,9 It would seem that the degree of 
leukocytosis and eosinophilia varies some- 
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what according to the race of the host. As 
further evidence of this during the winter 
of 1945 to 1946, a number of German pa- 
tients with fever, jaundice, leukocytosis 
(10,000 to 30,000), eosinophilia (20 to 80 
per cent), pulmonary infiltrations and ova 
of Clonorchis sinensis in the stools was 
observed by the writer in a repatriation 
camp in Shanghai. This, along with the 
observations made upon American soldiers 
in China, suggests that in races with little 
previous exposure the leukocytic and eo- 
sinophilic response may be greater. 

The clinical syndrome described here 
fulfills the diagnostic criteria of the syn- 
drome described in 1932 and again in 1936 
by Loffler, 10,11 namely, a mild clinical 
course, transient pulmonary signs, charac- 
teristic pneumonic infiltrations roentgeno- 
graphically, eosinophilia and leukocytosis. 
Loffler described the roentgenograms as 
showing homogenous or more often spotty 
or cloudlike, sharply or less sharply limited, 
single or multiple, unilateral or bilateral, 
migratory shadows that appeared and dis- 
appeared in three to eight days. Since his 
original description, cases have been re- 
ported in which the pulmonary lesions have 
persisted longer than eight days. Wright 
and Gold 12 report that in Lofller’s syndrome 
associated with creeping eruption the pul- 
monary infiltrations continue over a period 
of weeks if the cutaneous lesions are not 
treated. It is now generally agreed that 
Loffler’s syndrome is an allergic phenome- 
non. 13 The etiologic factors which have been 
reported are chronic asthma, tuberculosis, 
coccidioidmycosis, privet shrub pollen in 
China, pollen of the Convallaria in Europe, 
Ascaris lumbricoides, Trichuris trichuria, 
Strongyloides stercoralis, Taenia saginata, 
Fasciola hepatica, Endamoeba histolytica, 
Trichinas, cutaneous helminthiasis, brucel- 
las and azosulfamide. 12 13 From the ob- 
servations reported herein it would seem 
that Clonorchis sinensis may now possibly 
be added to the list. 

In India during the past six years there 
has been a growing interest in the recently 
recognized and commonly occurring con- 


dition described as tropical eosinophilia, 
eosinophilic lung, pseudotuberculosis of the 
lung with eosinophilia and benign eosino- 
philic leukemia. 11-19 Clinically, the disorder 
is variable and the mode of onset is gradual. 
In the acute stage there is usually fever, a 
dry hacking cough and symptoms of 
asthmatic bronchitis. Severe paroxysmal 
bronchial asthma may develop. Asymp- 
tomatic cases have been described. Physical 
signs when present are those of a mild 
bronchitis. Splenomegaly and enlargement 
of the lymph glands may be present but 
neither are a constant finding. Roentgeno- 
grams usually reveal numerous discrete 
shadows scattered throughout both lungs 
producing a typical mottled appearance. 
The sputum when present contains eosino- 
philes. The most characteristic finding of 
the syndrome is in the blood. There is a 
leukocytosis of 20,000 to 80,000 per cu. mm. 
and the eosinophiles vary from 1 5 to 90 per 
cent of the total white cells. Considerable 
fluctuation of the absolute eosinophile 
count from day to day has been noted. 19 
There is no correlation between the blood 
findings and the clinical or radiologic 
pictures. Positive serologic tests for syphilis 
and high cold agglutination titers have been 
present frequently. 20 ' 22 The duration of the 
illness has varied from a few weeks to a few 
years. The most characteristic feature othei 
than the eosinophilia is the response to 
organic arsenical therapy. Neoarsphena- 
mine given every fourth day in a course of 
six (0.15, 0.3, 0.45, 0.45, 0.45, 0.45) injec- 
tions is highly effective. After the first two 
or three injections there is usually a rise in 
the total leukocyte count and in the pei- 
centage of eosinophiles. This has been con- 
sidered by several authors to be diagnostic 
of the disease. 19,21 The rate of the return 
of the blood to normal varies but a fall in 
the leukocyte count and in the percentage 
of eosinophiles is noted in two to four weeks 
and usually reaches normal in two to fom 
months. Oral arsenical preparations arc 
equally effective. The disease has now been 
reported from not only India but also 
Ceylon, China, America, Havana, Egypt. 
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Samoa, the East Indies and the Nether- 
lands West Indies. 21 The etiology is in dis- 
pute. Mites (acarina) have been repeatedly 
found in the sputum of patients by some 
observers and a relation between these 
and the etiology of the disease has been 
claimed. 23-25 Others have been unable to 
confirm this. 19 Strongyloides stercoralis 26 
and Microfilaria malayi 27 have been be- 
lieved to be the etiologic factors in several 
cases. No particular infestation has been 
consistently present and in many cases no 
parasites or ova have been found after 
repeated blood and stool examinations. 
Concerning the etiology of this condition, 
Frimodt-Moller and Barton 14 state “In 
conclusion, it may be said that much in this 
clinical entity points to an allergic origin, 
chiefly because the eosinophilia dominates 
the syndrome described. But it is possible 
that there may not be a single agent which 
causes such a condition, but several.” 

Eosinophilic lung as described in the 
literature differs from Loffler’s syndrome 
in several respects. The former disease is 
usually of longer duration, the symptoms 
are more marked, the total leukocyte count 
and the percentage of eosinophiles are 
usually higher and the pulmonary lesions 
are more diffuse. Actually these are dif- 
ferences only in degree and it is debatable 
whether tropical eosinophilia and Loffler’s 
syndrome are actually different diseases. In 
fact, van der Sar 25 has noted mite infection 
manifesting itself as tropical eosinophilia 
in some cases and as Loffler’s syndrome 
in others. 

The patient presented here fulfills the 
diagnostic criteria of both syndromes, fur- 
ther suggesting that there may be no funda- 
mental difference between them. The clinical 
course and roentgen findings were more 
characteristic of Loffler’s syndrome whereas 
the extremely high absolute eosinophilia 
and the response to organic arsenical 
therapy, with first a rise in the absolute 
count followed by a fall to normal are, 
according to Menon, 21 almost diagnostic of 
tiopical eosinophilia. He states “If the 
total eosinophile count is 5,000/cu. mm. 
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and above, i.e., 25 per cent and more of a 
total white cell count of 20,000/cu. mm., 
tropical eosinophilia should be considered 
' first in the diagnosis. If the typical symp- 
tomatology is present, the diagnosis is 
beyond doubt. Even if it is not present, a 
very high E.S.R. and positive Wassermann 
and/or Kahn reactions justify such a diag- 
nosis and the consequent therapeutic trial 
with arsenic. An initial exacerbation with 
subsequent rapid improvement, clinically 
after arsenical treatment, will practically 
settle the diagnosis.” 

It would now seem desirable to ascertain 
if all cases of Loffler’s syndrome regardless 
of the etiology respond to organic arsenical 
therapy in the manner just described. It 
would also be interesting to determine the 
effect of such therapy on the course of 
human as well as experimental clonorchia- 
sis. It cannot be claimed from the extremely 
limited data presented here that organic 
arsenicals are effective clonorchicidal agents. 
The effect may only be hematologic and 
non-specific or fortuitous. 

SUMMARY 

A case of clonorchiasis with marked 
eosinophilia in the peripheral blood and 
bone marrow and bilateral pulmonary 
infiltrations is presented. The similarity 
and possible relation of this condition, 
Loffler’s syndrome and tropical eosinophilia 
(eosinophilic lung) are discussed. It is pre- 
dicted that clonorchiasis will be a problem 
in many of the returning military personnel 
from China, Japan and Korea and that 
this condition will have to be considered in 
patients presenting marked eosinophilia. 
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T he co-existence of glanders and os- 
seous tuberculosis is a rare occur- 
rence. This is a report of a recently 
observed case in which both infections were 
present. The unusual character of the case 
and the treatment with streptomycin f 
warrant this report. 

Glanders in man is an uncommon occu- 
pational disease of protean nature. Pre- 
ventive measures have almost eradicated 
the disease in the equine species and con- 
sequently in man. 7 

In 1906 Robins 9 analyzed 156 cases of 
human glanders collected from the litera- 
ture. Stewart 10 in 1904, Gaiger 3 in 1913, 
Bernstein and Carling 1 in 1909, Burgess 2 
in 1936, Mendelson 8 in 1936, Herold and 
Erikson 4 in 1938 and Howe and Miller 5 
in 1947 contributed to our knowledge of the 
human disease. 

Human infection with the causative 
micro-organism, Malleomyces mallei, pre- 
sents a varied clinical picture characterized 
by the formation of granulomatous lesions 
in the skin and subcutaneous tissues, chronic 
ulceration of mucous membranes with 
profuse discharges from the nose, mouth 
and throat, or pulmonic and pleuritic mani- 
festations. Any one or all of these sites may 
be involved and the picture may be com- 
plicated by metastatic hematogenous spread 
to meninges, bones, joints and abdominal 
viscera. The disease may run an acute, 
fulminating, fatal course or it may persist 
chronically with remissions and exacerba- 


tions for as long as fifteen years. A few 
patients recover spontaneously; the majority 
die. The clinical picture is greatly com- 
plicated by the concurrence of osseous 
tuberculosis as was present in one of the 
cases cited by Robins. 9 

CASE REPORT 

A. E. R., a blacksmith, age fifty-four, was 
admitted to the Vanderbilt University Hospital, 
December 10, 1945, complaining of cutaneous 
abscesses. For about a year before the present 
illness he had repeatedly shod mules suffering 
from chronically draining ulcers of the legs and 
had frequently contacted pus from these lesions. 
The present illness began six years before ad- 
mission when he developed a small ulcer on the 
left forearm accompanied by slight malaise and 
fever. A month later tender, generalized 
adenopathy developed. A cervical node was 
excised and examined. The histologic report 
was “acute and chronic inflammatory tissue.” 
The surgical wound rapidly broke down and 
at the site an indolent ulcer developed which 
drained purulent material for a period of three 
to four months; eventually it healed. However, 
intermittently during the subsequent years 
tender nodules involving the skin of the neck, 
chest and extremities developed. These would 
spontaneously rupture and drain thick, yellow 
pus and were accompanied often by fever and 
occasionally by shaking chills. During the 
intervening periods he apparently felt well. 

A year before admission he noted swelling, 
redness and tenderness of the scrotum which 
persisted until his admission to the hospital. 
Four months later pain and deafness developed 


* From the Department of Medicine, Vanderbilt University School of Medicine, Nashville, Tcnn. 
,t The streptomycin used was furnished by Dr. Chester S. Keefer, Boston, Mass. 
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in the right ear in association with a foul, 
purulent discharge. Both drainage and deafness 
persisted. Two weeks before admission paralysis 
of the right side of the face occurred. 

The past history was not remarkable. Nasal 
“catarrh” had been present since childhood 
and nasal secretions were somewhat more pro- 
fuse during the present illness. During the six 
years prior to admission he gradually lost 30 
pounds in weight. 

Upon admission to the hospital the tem- 
perature was 98.6°f., pulse rate 70, respiratory 
rate 20, and blood pressure 125/85. He was well 
developed but very poorly nourished and ap- 
peared chronically ill. There were depressed, 
stellate scars about the neck, upper chest, hands 
and legs. On the left forearm near the wrist 
were two swollen, encrusted lesions with sur- 
rounding erythema. From these thick, creamy 
pus could be expressed. There was generalized, 
soft swelling about the left wrist. The right wrist 
and metacarpophalangeal joints were anky- 
losed. A firm, slightly fluctuant nodule was 
present on the dorsum of the right hand. The 
lymph nodes were generally enlarged and firm 
but were not tender. A peripheral type of right 
facial paralysis was present. There was a thin, 
foul, purulent discharge in the right auditory 
canal and the drum was perforated, thick and 
white. He was almost deaf in this ear; the Weber 
test showed no reference of sound, and Rinne’s 
test revealed bone conduction to be greater 
than air conduction on the right. The nasal 
mucosa was raw and inflamed and there was a 
slight mucopurulent discharge. The chest was 
symmetrical and thin. A harsh friction rub was 
heard at the base of the right lung posteriorly 
and signs of a small, right-sided pleural effusion 
were present. The heart appeared to be normal. 
The liver was palpable two fingerbreadths 
below the right costal margin; it was smooth 
and not tender. The spleen was not felt. The 
scrotum was enlarged to about twice the nor- 
mal size and was tender, red, brawny and 
thickened. The scrotal wall did not pit upon 
pressure. It transmitted light and appeared to 
contain fluid. The reflexes were not remarkable. 

Laboratory data included a red blood count 
of 4,000,000 with a hemoglobin value of 11.0 
Gin. The white blood count was 7,450 with a 
normal differential count. The sedimentation 
rate was 34 mm. per hour (Wintrobe). The 
Kahn test and the Wassermann reaction of the 
blood were negative. Urine and stool examina- 
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tions were normal. The blood non-protein 
nitrogen level and phenolsulfonphthalein ex- 
cretion were within normal limits. The total 
serum protein was 6.4 Gm. per cent (2.9 Gra. 
albumin and 3.5 Gm. globulin; A/G ratio, 
0.8). The blood calcium, phosphorus, alkaline 
phosphatase and acid phosphatase values were 
normal. A Congo red test gave normal results. 
The bromsulfalein and cephalin-cholesterol 
flocculation tests of liver function were normal. 
The cerebrospinal fluid was sterile and normal 
in all other respects. Repeated blood cultures 
yielded no growth. 

An x-ray of the chest revealed thickened 
apical pleura bilaterally and both right inter- 
lobar fissures were visible. A small pleural ef- 
fusion was present on the right. The heart was 
not enlarged. X-rays of the skeleton showed 
widespread bone atrophy and several destructive 
lesions. There was an area of bone destruction 
3 cm., in diameter in the region of the right 
mastoid. Areas of bone destruction of variable 
size and shape were present bilaterally in the 
radiuses, ulnas, metacarpals, phalanges, taluses 
and in the medial malleoli of the tibias. A lesion 
measuring 5 by 1 cm. in the distal end of the 
left femur showed elevation of the overlying 
periosteum and some changes suggestive of bone 
production. 

Attempted aspirations of the swollen left wrist 
and of the nodular lesion on the dorsum of the 
right hand were unsuccessful. A right thoracen- 
tesis yielded 40 cc. of amber fluid which clotted 
upon standing. It contained 1,500 red cells and 
560 leukocytes per cu. mm.; 68 per cent of 
the latter were polymorphonuclear cells. The 
specific gravity of the fluid was 1.025, and the 
protein content 6.25 Gm. per cent. Gram- 
stained smears of this fluid showed no organ- 
isms and cultures produced no growth. No 
acid-fast organisms were demonstrated by 
smear or guinea pig inoculation. 

Stained smears of pus from the right ear and 
the ulcer on the left wrist revealed gram-positive 
cocci in clumps and chains and numerous, 
small, slender, lightly stained gram-negative 
bacilli which were preponderantly extracellular. 
They presented the typical appearance of hi. 
mallei. Curved and slightly clubbed forms were 
numerous and they presented a beaded appear- 
ance. The microscopic picture was strikingly 
similar in morphology and grouping to tuber- 
cle bacilli but they were not acid-fast. 

Cultures of the pus on blood agar yielded 
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many colonies which were readily identified as 
Staphylococcus aureus and beta hemolytic 
streptococci. Among them, and in marked 
excess at twenty-four hours, were numerous, 
small, “dew-drop,” translucent colonies. These 
were composed of organisms identical morpho- 
logically and in their staining reaction with the 
gram-negative bacilli observed in direct smears. 
Isolated in pure culture, this micro-organism 
showed the typical growth behavior of M. 
mallei except that attempts to grow the organ- 
ism on potato to demonstrate the typical colony 
growth and pigment production were unsuccess- 
ful. These bacteria were insensitive to penicillin 
in vitro but growth was completely inhibited by 
3 micrograms of streptomycin per cc. of culture 
medium. 

Agglutination reactions performed with the 
patient’s serum and the bacilli were positive in 
dilution up to 1:1,280. The patient’s serum 
agglutinated a known strain of M. mallei, 
obtained from the American Type Culture 
Collection, in dilutions up to 1 :256. 

Although the above data were suggestive that 
the organism was a strain of the glanders bacil- 
lus, conclusive evidence was not obtained until 
cross-agglutination studies were performed. 
Antisera were prepared by immunizing rabbits 
with the patient’s organism and with the known 
type strain of M. mallei. Serum immune to the 
patient’s organism agglutinated the homologous 
strain in dilutions up to 1:640 and M. mallei 
up to 1:160. Serum immune to the type-strain 
agglutinated the homologous organism in dilu- 
tions up to 1:160 and the type-strain in dilu- 
tions up to 1 :640. 

It is of interest that specimens of the patient’s 
serum were sent to the Bureau of Animal Indus- 
try, U. S, Department of Agriculture, and to the 
Army Veterinary School, Washington, D. C., 
for complement fixation tests against M. mallei, 
d he results were negative in each instance. 

Diagnostic intradermal tests with commercial 
mallein were performed during his several ad- 
missions after the above serologic studies were 
obtained. The amount employed in testing 
ranged from 0.1 cc. of 1 : 100,000 dilution on the 
hist admission to 0.1 cc. of the undiluted anti- 
gen. In this instance a zone of tender, red 
swelling 3 by 5 cm. in diameter appeared 
"ithin three hours. It was unaccompanied by 
any constitutional reaction and disappeared 
within twenty-four hours. This result was inter- 
picted as being non-specific. 
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Guinea pigs inoculated intraperitoneally with 
the entire forty-eight-hour growth of the bacillus 
on a blood agar slant did not succumb to in- 
fection as expected, nor could the micro- 
organism be recovered by culture from the 
peritoneum seventy-two hours after injection. 
This was presumed to be due to the organism’s 
low virulence. Guinea pigs inoculated subcu- 
taneously with pus obtained directly from the 
ear and skin ulcers did not show evidence of 
acute infection nor did the so-called Strauss 
reaction develop. 

Acid-fast bacilli were not demonstrated in 
smears of pus from the ear or from the draining 
cutaneous ulcers. However, injection of this 
material into guinea pigs, as mentioned above, 
resulted in the development of tuberculosis. 
Acid-fast bacilli typical of Mycobacterium 
tuberculosis were readily demonstrated in 
smears from the lesions produced. Fluid 
aspirated from the bone cyst in the right radius 
was sterile on routine culture but induced 
tuberculosis when injected into guinea pigs. 
Pus aspirated from a subcutaneous abscess which 
appeared on the dorsum of the right hand 
shortly before the patient’s second admission 
contained acid-fast organisms which proved to 
be tubercle bacilli upon guinea pig inoculation. 
An intradermal test with 0.1 mg. of old tuber- 
culin produced a positive reaction in forty-eight 
hours. 

Repeated sputum examinations were nega- 
tive for tubercle bacilli. During subsequent 
admissions and during the follow-up studies 
material from the ear and the draining lesions 
was examined repeatedly for tubercle bacilli but 
none were demonstrated. 

Penicillin, 20,000 units intramuscularly every 
three hours, was administered for ten days. 
Within about four days the right facial paralysis 
had entirely disappeared and there was great 
improvement in the cutaneous lesions. The 
erythema surrounding the lesions subsided con- 
siderably and there was great reduction in the 
purulent drainage. Cultures from the ear and 
left wrist after completion of the course of 
penicillin yielded neither staphylococci nor 
streptococci. A pure culture of M. mallei was 
obtained. 

Upon completion of the course of penicillin 
treatment streptomycin hydrochloride, 0.2 Gm. 
intramuscularly five times daily, was started. 
Within twenty-four hours severe swelling and 
pain developed in the left wrist, accompanied 
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by aching in the knees, ankles and elbows. On 
the fourth day of streptomycin treatment the 
temperature rose to 100.2°f. The patient ex- 
perienced severe arthralgia and pain on move- 
ment of all the joints. The right mastoid region 
became tender. The fever, arthralgia and 
mastoid pain subsided the following day and 
he remained afebrile thereafter. The inguinal 
and femoral lymph nodes decreased in size. Six 
days after the initiation of streptomycin treat- 
ment the glanders bacillus could not be cultured 
from the ear or skin lesions. The patient was 
discharged on his thirty-third hospital day 
having received a total of 13.0 Gm. of strepto- 
mycin. All skin lesions were encrusted, had 
ceased draining and appeared to be healing. 
The ear continued to drain but drainage was 
greatly decreased. 

He was readmitted on February 12, 1946, for 
re-evaluation. During the interval he had felt 
well and had gained 16 pounds in weight. The 
right ear had continued to drain following his 
discharge from the hospital but no cutaneous 
abscesses had developed until four days before 
admission when one appeared on the dorsum 
of the right hand. Pus aspirated from the lesion 
contained M. tuberculosis. A sinus tract later 
formed at this site and discharged sporadically. 
During this admission it was impossible to 
culture the glanders bacillus from any site 
which previously had yielded it nor could it be 
demonstrated on direct smear. X-ray examina- 
tions of the chest and the bones revealed no 
significant changes. He was discharged after 
ten days. 

During the following nine days pain and red- 
ness involving the right ankle and generalized 
arthralgia developed accompanied by malaise 
and chilly sensations. A right inguinal node had 
become swollen and drained spontaneously and 
intermittently. He was readmitted to the hos- 
pital on March 2nd for a second course of strepto- 
mycin. Attempts to demonstrate the glanders 
bacillus in material from the ear, the draining 
sinuses and the healing cutaneous ulcers again 
failed; neither could tubercle bacilli be found. 
Streptomycin hydrochloride in the previous 
dosage w'as again administered, with total dos- 
age of 10.0 Gm. A transient exacerbation of the 
arthritis and arthralgia again occurred although 
the reaction w'as milder than the previous one 
and w'as unaccompanied by fever. The course 
in the hospital w'as entirely afebrile and unevent- 
ful and he w'as discharged after thirteen days. 
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Follow-up studies were obtained at approxi- 
mately tw'o-month intervals for a period of six 
months. During this time he improved but was 
unable to assume full activity. He remained 
afebrile and gained weight slowly. The ulcer- 
ated area on the left w'rist, the sinus tract on the 
dorsum of the right hand, the right ear and the 
inguinal sinus drained occasionally. Neither 
organism previously isolated could be demon- 
strated in these discharges. Roentgenograms of 
the involved bones show'ed no remarkable 
change except for the right mastoid in which 
there was some evidence of healing. 

In December, 1946, the patient was seen at 
another hospital complaining of right-sided 
pleuritic pain, dyspnea, fever and occasional 
chills. Two thoracenteses were performed on 
the right yielding a total of 1,500 cc. of amber 
fluid w'hich w'as sterile on culture. Examinations 
for tubercle bacilli, including cultures, were 
negative. The patient left the hospital improved 
and w'as readmitted in March, 1947, in a critical 
condition, very dyspneic and emaciated. Thora- 
centesis yielded only 500 cc. of amber fluid. A 
chest x-ray contributed no significant informa- 
tion. One day after admission the patient sud- 
denly complained of excruciating chest pain 
and rapidly expired. Permission for necropsy 
w'as not obtained. Clinically, it w’as believed 
that death was due to coronary occlusion or 
possibly pulmonary embolism. During both 
admissions it was the opinion of his physician 
that no significant change had developed in 
the condition of the sites show'ing intermittent 
drainage. 

COMMENT 

There seems to be little doubt that this 
patient had both chronic glanders and 
tuberculosis of bone, the latter correspond- 
ing to the osteitis tuberculosa multiplex 
cystica of Jungling. 6 The tubercle bacillus 
was recovered from the bone cysts, subcu- 
taneous abscesses and material from drain- 
ing sinuses overlying the bone lesions. 
Gram-negative bacilli morphologically ie- 
sembling the glanders bacillus were isolated 
from the right ear and from an ulcer on the 
left wrist, sites which overlay destructive 
osseous lesions. Cross agglutinations indi- 
cated these organisms to be identical w'it 1 
a type culture of M. mallei. 
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The glanders bacillus was found to be 
insensitive to penicillin in vitro but was 
moderately sensitive to streptomycin. Peni- 
cillin caused partial healing of the skin 
lesions, apparently by eliminating pyogenic 
cocci, but had no effect on the glanders 
bacilli. Streptomycin effected further strik- 
ing improvement in the skin ulcers and 
draining sinuses. Following streptomycin 
therapy M. mallei could not be demon- 
strated in the lesions again. There was no 
significant change in the x-ray appearance 
of the bone lesions. It seems probable that 
streptomycin cured the patient of glanders 
but had little effect upon the tuberculosis, 
unless the tendency toward healing of the 
sinus tracts overlying bone lesions might be 
considered such an effect. It should be 
emphasized that due to a limited supply the 
dosage of streptomycin was small and 
whether or not larger doses would have 
had a more favorable effect upon the tuber- 
culosis cannot be stated. The efficacy of 
sulfadiazine was not determined in this 
patient. Howe and Miller 5 found this drug 
effective both in experimental animal infec- 
tions with M. mallei and in their six acute 
cases. 

The patient’s transient reaction of fever, 
arthralgia and exacerbation of pain in the 
lesions, which occurred at the onset of both 
courses of streptomycin, was of great inter- 
est. Early lots of streptomycin occasionally 
caused reactions consisting of fever, arth- 
ralgia and headache, supposedly due to 
histamine-like substances in the less com- 
pletely purified drug. Such reactions have 
been most infrequent recently. The fact 
that a similar reaction occurred in this 
patient on two occasions, with different 
lots of streptomycin, and that it was an 
exacerbation of pre-existing symptoms seem 
to indicate a reaction to bacterial protein 
similar to the Herxheimer reaction seen in 
syphilis under treatment. 

The mallein test and the complement 
fixation test for glanders were repeatedly 


negative. These results do not invalidate 
the diagnosis . of glanders. A number of 
Robins’ 9 cases had negative mallein tests. 
Two of the six cases reported by Howe and 
Miller 5 had negative complement fixation 
tests and one had a negative mallein test. 

The patient’s scrotal inflammation was 
interesting and the similarity to the Strauss 
reaction in guinea pigs was. striking. No 
attempts were made to demonstrate the 
presence of the glanders bacillus in this area. 

SUMMARY 

1. A case is presented in which chronic 
glanders and cystic tuberculosis of bone co- 
existed. The causative organisms of both 
diseases were isolated and identified.* 

2. Penicillin therapy was ineffective. 
Treatment with streptomycin seemed to be 
curative for glanders but in the dosage used 
had little or no effect upon the tuberculosis 
of bone. 
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Cardiac Failure Associated with Extensive Hemosiderosis of the 

Myocardium 
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A lthough the occurrence of extensive 
hemosiderosis of the myocardium 
^ in cases of hemochromatosis is a 
frequent autopsy finding, associated dis- 
turbances of cardiac function have rarely 
been noted. For this reason the present case 
is of interest. 

CASE REPORT 

The patient, a fifty-four year old male, entered 
the University of Minnesota Hospital on the 
otolaryngology service February 10, 1945, with 
complaints of bilateral hearing loss and left- 
sided facial paralysis of eight months’ duration. 

He had had chronic otitis media since the age of 
two following scarlet fever, and in June, 1944 he 
had suffered acute bilateral ear infections fol- 
lowed by complete hearing loss. Two weeks later 
complete left facial paralysis suddenly appeared. 

In July of the same year an increase in thirst, 
appetite and urine output was noted and at the 
same time a brownish pigmentation of the 
hands, arms and groins was observed for the 
first time. The diabetes was controlled with 35 
to 40 units of protamine insulin daily. 

Three years before admission the patient had 
a series of attacks of transient, severe precordial 
pain radiating into the neck. The attacks were 
not related to exertion and were untreated; after 
a few weeks they ceased and did not recur. 
However, during the succeeding months he 
noted mild exertional dyspnea and orthopnea 
requiring two pillows for comfortable slumber. 

For one month prior to admission slight ankle 
edema which disappeared with rest was present. 
The past history was otherwise non-contributory. 

By occupation he had been a farmer and day 
laborer. His alcohol consumption was limited to 
an occasional glass of beer. There were no other 

* From the Department of Internal Medicine. University 
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instances of diabetes or of excessive pigmenta- 
tion in members of his family. He was married 
and had two children. 

Upon physical examination the patient was 
found to be a well developed, middle-aged male 
in no acute distress. The skin was diffusely 
pigmented with a grayish brown color marked 
on the face, hands, forearms, linea alba, inter- 
crural regions and scrotum. 

Except for ectropion of the left lower lid the 
eyes were normal. There was paralysis of both 
upper and lower facial muscles on the left side 
and the tympanic membranes of both ears were 
completely destroyed. No other abnormalities 
of the head and neck were noted. 

The chest was of normal contour and the 
lung fields were clear. The heart was slightly 
enlarged, a soft systolic murmur was audible 
over the entire precordium but was not trans- 
mitted to the axilla. The pulse rate was 80 with 
a regular rhythm; blood pressure ranged from 
106/60 to 120/70 on a series of determinations. 

The liver was found to extend 9 cm. below 
the costal margin in the right mid-clavicular 
line and the spleen was palpable 3 cm. below 
the costal margin. Both were described as being 
smooth, firm and non-tender. Except for the 
scar of an old hernial repair the remainder of 
the abdomen was normal. 

There was slight, but definite pitting edema of 
the feet and ankles; the reflexes were physiologic. 

Laboratory examination revealed the follow- 
ing representative findings: Urine: specific 
gravity, 1.010-1.031; pH, 5-7; glucose, 0-4, 
erythrocytes and leukocytes consistently absent, 
occasional casts. Blood: hemoglobin, 13-14.4 
Gm.; red cells, 5,040,000; leukocytes, 4800- 
7450, with a normal differential count. Bloo 
chemistries: blood urea nitrogen, 11 mg. U r 
cent; blood sugar, 67-327 mg. per cent; C 2 
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combining power, 69 volumes per cent; blood 
chlorides, 596 mg. per cent; blood cholesterol, 
148-189 mg. per cent. Total plasma proteins 
were 6.2 Gm. per cent, with 3.6 Gm. of albumin 
and 2.6 Gm. of globulin. Of the liver function 
studies the total serum bilirubin was 1.2 mg. 
per cent with 0.4 mg. per cent in the 1-minute 
prompt reacting fraction; the cephalin cho- 
lesterol test showed 2+ and 3+ flocculation at 
twenty-four and forty-eight hours; there was 
80 per cent of normal excretion of hippuric 
acid and the serum alkaline phosphatase value 
was 16 Bodansky units. There was 10 per cent 
retention of phenolsulfonphthalein dye and the 
urine urobilinogen was consistently elevated to 
12 to 15 mg. daily. The arm to lung circulation 
time was 1 2 seconds and that for arm to tongue 
19 seconds; a venous pressure of 7 cm. of citrate 
solution was recorded in the antecubital vein. 

Chest x-ray was interpreted as showing a 
slightly enlarged heart of the left ventriculae 
type. Electrocardiogram revealed borderlinr 
QRS voltage, isoelectric T i and question- 
ably diphasic T 2 - 

During the course in the hospital a radical 
endaural mastoidectomy was done on the left 
side in the hope of relieving the facial paralysis. 
This was of no avail and lid suture was carried 
out to prevent injury of the left cornea. The 
clinical diagnosis of hemochromatosis was con- 
firmed by liver biopsy. The diabetes was 
controlled without difficulty and the ankle 
edema disappeared with rest. He was discharged 
on March 17th. 

During the succeeding two months the dia- 
betes was controlled without difficulty. How- 
ever, the patient was incapacitated by progress- 
ively increasing edema of the lower extremities, 
with the ultimate development of scrotal edema 
and ascites which necessitated re-admission to 
the hospital on May 14th. At this time the 
physical findings differed from those of the 
previous admission in the presence of massive 
edema of the legs and scrotum, shifting dullness 
m the flanks and scattered rales in the lung 
bases posteriorly. 

The laboratory findings were essentially the 
same as before. The total serum protein was 

6.5 Gm. per cent with 3.7 Gm. of albumin. The 
venous pressure was markedly elevated, being 

18.5 cm. of citrate; arm to tongue and arm to 
lung circulation times were 1 3 and 29 seconds, 
icspectively. The electrocardiogram at this 
r r. n r u a R Y , 19 4 9 
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time showed much lower QRS voltage in all 
leads and diphasic Ti and T 2 . 

The patient was treated with digitalis, low 
salt diet and mercurial diuretics; however, his 
edema progressively increased while at bed 
rest; dyspnea, orthopnea and mild cyanosis 
appeared. Terminally he developed convul- 
sions which were not related to hypoglycemia; 
he then became comatose and expired on 
June 12th. 

At autopsy the body was that of a well 
developed male with pigmentation and marked 
edema as previously noted. The abdomen was 
protuberant with ascitic fluid. The pleural 
cavities each contained 600 cc. of clear yellow 
fluid. The right lung weighed 540 Gm., the 
left 460 Gm.; bronchi and pulmonary vessels 
appeared normal. The heart weighed 440 Gm., 
the ventricular walls were hypertrophied and 
there was some dilatation of the left ventricle. 
The valves were entirely normal. The muscle 
was quite brown and flabby; on cut section 
there was no evidence of infarction or fibrosis. 
The coronary arteries showed no evidence of 
arteriosclerosis; they were soft and easily 
distensible throughout. The liver weighed 
1,940 Gm. and was finally nodular and pig- 
mented. The spleen weighed 800 Gm. and was 
firm and dark red in color on section. The pan- 
creas was deeply pigmented; the adrenals ap- 
peared normal. The right and left kidneys 
weighed 200 and 220 Gm., respectively; no 
abnormalities were noted. The aorta was normal. 

Microscopically, the lungs contained many 
heart failure cells and exhibited some areas of 
atelectasis. The muscle fibers of the heart were 
pale-staining. There was fragmentation in some 
areas, with an increase in the spaces between 
the fibers. Cross striations were only faintly 
present or were absent. The muscle fibers were 
heavily infiltrated with pigment w'hich stained 
blue with ferrocyanide. In some areas the muscle 
substance appeared to be almost entirely re- 
placed. The other organs showed the ordinary 
findings of hemochromatosis. 

COMMENTS 

Hemosiderin deposition of severe degree 
within the muscle fibers of the myocardium 
is a common autopsy finding in cases of 
hemochromatosis. Sheldon 1 in his extensive 
review reported such deposits present in 
90 per cent of the cases which included ade- 
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quate microscopic data to permit evalua- 
tion. Althausen and Kerr 2 noted this finding 
in thirty-three of forty cases they reviewed. 
Despite this frequency of demonstrable in- 
volvement, cardiac symptoms have not 
been a conspicuous feature in the clinical 
picture of hemochromatosis. Sheldon 1 notes 
that there have been some instances of heart 
failure and in classifying his cases as to 
cause of death he groups 10 per cent under 
“various intercurrent conditions and myo- 
cardial failure.” He fails to state whether 
any of the ordinary causes of heart failure 
were present in these cases. However, he 
apparently did not consider the cases re- 
markable so presumably the heart failure 
was considered due to the ordinary causes. 

In French literature 3 '' 1 heart failure is 
noted to be a regular occurrence in what is 
perhaps a special group of cases of hemochro- 
matosis. A symptom complex is described 
under the name of the endocrino-hepato- 
cardiac syndrome which is characterized 
by the following features: occurrence in a 
younger age group; multiple involvement 
of the endocrine glands, particularly the 
testes which are atrophic; infantilism and 
death from cardiac decompensation. Be- 
cause myocardial infiltration could not be 
demonstrated in the autopsy material of 
some of these cases, most of these authors 
thought that the heart failure was not ex- 
plained on a basis of myocardial damage 
by hemosiderin deposits but rather was 
due to a generalized metabolic disorder of 
uncertain nature. 

Recent English and American literature 
contains reports 5-8 describing a total of 
nine cases of hemochromatosis in which 
cardiac symptoms have been prominent. 
Of these subjects six died and autopsies 
have been performed. In ail of them ex- 
tensive hemosiderin deposits were present 


in the myocardium; one, 6 however, had 
coronary disease in addition. In the others 
the coronary arteries were normal, no 
valvular lesions were present and there 
were no histories of hypertension. It is of 
interest that in three of these cases severe 
precordial pain with radiation was such a 
prominent symptom that in two a diagnosis 
of coronary occlusion was made and later 
disproved at autopsy. The most common 
electrocardiographic change has been low 
voltage. There was complete heart block 
in two and auricular fibrillation in two 
others. 

In the present case it is believed that with 
the exclusion of valvular lesions, coronary 
disease and hypertension as causes of heart 
failure the cardiac symptoms must be 
attributed to myocardial degeneration asso- 
ciated with extensive hemosiderin deposits 
within the heart muscle. 
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Editorial 

Problems of Hepatic Disease 


T he great pandemic of hepatitis 
involving millions of persons during 
and following World War n is 
probably the greatest factor in stimulating 
the current intense interest in disorders of 
the liver. Clinicians are being confronted 
more frequently than ever with baffling 
problems in the differentiation of this 
disease from other conditions causing jaun- 
dice, especially those requiring surgical 
intervention, as well as in the recognition of 
progressive subclinical inflammatory proc- 
esses and of residual disability which require 
proper management. 

Similar problems are raised by the in- 
creasing exposure of large numbers of our 
population to substances which are poten- 
tially injurious to the liver, such as organic 
solvents, industrial fumes, insecticides and 
some of the newer medications. It would be 
truly a great advance if the toxic effects of 
these agents could be evaluated before 
irreparable damage has taken place. 

There is the challenge, too, presented by 
that formidable group of mortals who 
depend somewhat too heavily upon etha- 
nolic solace. The hepatotoxic effects of 
alcohol vary markedly in different subjects 
and it is deplorable that the protruding 
abdomens and dilated veins of the suscep- 
tible few force the physician into warning 
generalities for want of methods to evaluate 
the tolerance factors of the individual. 

Problems such as these have aroused a 
wholesome spirit of inquiry as to the 
significance and reliability of the various 
function tests that may be applied to the 


detection of impaired hepatic physiology. 
Current medical literature abounds in con- 
flicting reports by well trained observers 
which serve but to emphasize the intrinsic 
complexities of the problem. Agreement is 
general, however, that no single test has 
yet been devised which can be used as an 
infallible index of the nature or extent of 
hepatic derangement. The limitations of 
liver function tests are due in part to the 
fact that the same disease entity, such as 
hepatitis or neoplasm, may affect sometimes 
one and sometimes another portion of the 
hepatic unit but chiefly because the activities 
upon which our tests are based are still 
beyond our mechanistic comprehension. 

In a sense, the liver is not a single organ 
and for the sake of clarification may be 
regarded in the light of at least four aspects: 

First, it stands as a vascular maze through 
which the portal blood must pass before it 
joins the systemic circulation. Only recently 
have methods been devised to estimate the 
total blood flow through the liver in health 
and disease, but maldistribution of blood 
within the organ due to sinusoidal dilatation 
or constriction, swelling of parenchymal 
cells, compression due to intrahepatic ten- 
sion, inflammation or scarring of the portal 
areas, passive congestion, etc., must be 
recognized chiefly by clinical inference since 
no tests are yet available to evaluate such 
circulatory variables. These may exert a 
profound effect on the function and even 
viability of the hepatic tissues. 

Second, about one-third of the entire 
hepatic mass is composed of Kupffer cells, 
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reticulum and other tissues' stemming from 
the mesenchyme. Thus it stands second only 
to bone marrow as a reticulo-endothelial 
organ and like the spleen, lymph nodes, 
etc., often is affected by diseases involving 
this important system. 

Third, it is an excretory organ. Bile, com- 
posed of substances removed from the blood 
by hepatic activity or synthesized by the 
parenchymal cells, takes origin within the 
biliary capillaries which are in essence 
spaces among the clusters of polygonal cells. 
Only after these small tracts emerge from 
the lobule and coalesce to form delicate 
ducts do they constitute a separate anatomic 
unit, namely, the biliary tree. Widespread 
lesions in the periphery of the hepatic 
lobules, as is occasionally observed in 
hepatitis and infectious mononucleosis, may 
cause disruption of these friable structures 
with the production of jaundice without 
necessarily impairing the general functions 
of the liver. 

Fourth, and most difficult of all to 
evaluate by exact measurements, are the 
intricate metabolic activities of the paren- 
chymal cells which regulate the disposal of 
almost all foodstuffs and their by-products 
according to the nutritive requirements of 
the entire organism. These activities are 
usually ascribed to integrated enzyme 
systems but the mechanisms by which 
balances are maintained are not known. 
Certain determinations, for example the 
cholesterol-cholesterol ester content of the 
serum or the serum albumin, empirically 
reflect two metabolic equilibria maintained 
by the liver which are altered in character- 
istic patterns in certain diseases. Most of the 
routine metabolic tests for liver function are 
relatively insensitive and when modifica- 
tions are introduced to overcome these 
disadvantages intercurrent variables not 
pertaining directly to the liver may lead to 
serious errors. 

The clinical appraisal of liver disorders 
depends upon careful evaluation of the 
aforementioned factors, such as the extent 
of portal hypertension, the degree of biliary 
obstruction, the type of metabolic derange- 


ment and the activity of the disease process. 
It is obvious that the laboratory alone is 
not yet qualified to give answer to all these 
considerations; and even when our most 
reliable tests are properly selected and 
skillfully integrated with all the clinical 
features of the disease, an accuracy of 
diagnosis exceeding 90 per cent can seldom 
be attained. 

Uncertainties and difference of opinion 
are also widespread in the therapeutic field, 
especially in regard to dietary management. 
It has been demonstrated by numerous 
clinical and laboratory studies that diets 
low in protein and in lipotropic agents such 
as choline lead to degenerative changes 
within the hepatic lobules or to fatty 
infiltrations which, in turn, render the cells 
less viable and more susceptible to noxious 
agents, anoxia and other intercurrent mis- 
haps. The importance of these observations 
is enhanced by the demonstration of Patek 
and his associates that the downward trend 
in a fair proportion of cases of Laennec’s 
cirrhosis can be arrested and actually 
reversed by a high protein diet rich in 
vitamin supplements. This significant con- 
tribution has led to widely held miscon- 
ceptions that diet is all-important in the 
management of hepatic disease in general. 
Furthermore, the observations of toxicolo- 
gists and experimental nutritionists on the 
protective action on the liver of certain 
accessory factors in the diet of malnourished 
animals or those exposed to toxic agents has 
given rise to widespread clinical employ- 
ment of such substances as- methionine, 
choline, crude liver, vitamin K, tocopherol, 
pyridoxine, human albumin and protein 
hydrolysates, in a haphazard array of 
hepatopathies ranging from acute yellow 
atrophy to cases of palpable Riedel’s lobes. 
Low fat, high protein diets are also being 
routinely enforced irrespective of the under- 
lying disorder, a practice which often causes 
no improvement and may actually add to 
the emaciation and debilitation of the 
patient. The experience of many observers 
indicates that the therapeutic effectiveness 
of diet in hepatic disease bears a close icla- 
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tionship to the degree that malnutrition 
has served as a precipitating or contributing 
factor. Usually, as long as the patient 
relishes and digests an adequate, well 
balanced diet little is to be gained by 
distorting the menu, and supplements are 
rarely indicated unless food intake is inade- 
quate or when persistent fatty infiltration 
of liver cells is demonstrable. Further 
critical studies on the indications and 
limitations of dietary regulation in vari- 
ous types of liver disease are very much 
indicated. 

Adequate rest is often neglected as a 
therapeutic measure. Fatigue and muscular 
exertion increase the metabolic demands 
on the liver and depress many of its func- 
tional capacities. The recent studies of 
Bradley indicate that exercise and even 
upright posture decrease the portal blood 
flow significantly. When the intralobular 
circulation is already impeded by disease, 
the possibility that physical activity may 
further decrease oxygenation and nutrition 
of the hepatic cells must be recognized. 
Theoretical considerations such as these 
are borne out in practice by the frequency 
of relapse in hepatitis when the patient 
attempts early ambulation and by the 
experience that the decompensated cirrhotic 
subject may show little improvement until 
enforced rest is instituted. 

The pathogenesis of hepatic disease also 
presents many unanswered problems, espe- 
cially those dealing with progressive cellular 
degeneration and scarring. Many cases of 
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cirrhosis cannot be ascribed with certainty 
to infection or exogenous toxins or to known 
dietary deficiencies, and yet once the injury 
is initiated the process may continue despite 
all types of medical management. 

Despite the many difficulties in making 
exact studies of the liver and its disorders 
the field is not static. New hepatic activities 
are still being described and familiar ones 
are being re-evaluated by isotope studies 
and by improved analytic technics. Serial 
biopsies are now widely employed in the 
correlation of anatomic lesions with func- 
tional derangements and in observation of 
the course of disease under controlled 
conditions. Methods for localizing certain 
enzymatic activities to various parts of the 
hepatic unit have recently been devised 
and are being applied to clinical problems. 
The effect of the newer antibiotics on the 
hepatotropic viruses is under intensive 
study. The nature of the changes in the 
serum protein-lipid complex found in infec- 
tious hepatitis and in other inflammatory 
conditions of the liver is subject to further 
study from many angles. Splanchnic hyper- 
tension is being successfully treated surgi- 
cally by shunting portal blood into the vena 
cava; studies on these patients may throw 
further light on circulatory factors in 
cirrhosis and other hepatic derangements. 
Improvement in diagnosis and management 
can therefore be predicted with confidence 
in this difficult clinical field. 

Franklin M. Hanger, m.d. 

Presbyterian Hospital, N. Y., N. Y. 
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Correlation of Liver Function and Liver 

Structure* 

Clinical Applications 

Hans Popper, m.d., Frederick Steigmann, m.d., Karl A. Meyer, m.d., 
Donald D. Kozoll, m.d. and Murray Franklin, m.d. 

Chicago , Illinois 

T he study of liver diseases has shortly after death — may show a quite 
hitherto relied chiefly upon two different morphologic picture when corn- 

sources of information: physiologic pared with the “living” liver tissue obtained 

examination of liver function and morpho- by aspiration biopsy, as we could establish 

logic study of necropsy material. In the past in a few examples in which biopsies were 

thirty years a large number of liver function performed a few hours before death. The 

tests, based on some of the almost innumer- former showed widespread breakup of the 

able functions of the liver, has been liver cell cords and marked widening of 

described. However, the diagnostic inter- the perisinusoidal tissue spaces not seen in the 

pretation of the several tests still involves latter. It was also found that in previously 

theoretical and practical difficulties. Recent healthy individuals dying instantaneously, 

attempts to use composite liver function e.g., in a crash, the liver tissue spaces were 

tests 1- ' 1 have somewhat clarified the picture. not visible, in contrast to the open peri- 

Nevertheless, there remain many cases in sinusoidal spaces usually seen in persons 

which performance of a multitude of liver who died within one hour after an accident, 

function tests does not lead to a definite Agonal changes, therefore, may significantly 

diagnosis. Correlation of observations at alter the morphologic picture of the liver. n 

autopsy with clinical and laboratory find- Consequently the recently expanded use of 

ings, too, is in many instances unsatis- liver biopsy 5-11 (excision during lapar- 

factory, especially in acute liver damage. otomy or peritoneoscopy or by needle 

Thus, in some instances in which the pathol- aspiration) has made possible better cor- 

ogist reports impressive but localized alter- relation of the structural and functional 

ations, such as central and especially focal alterations in different stages of liver 

necrosis, functional and clinical changes disease. Such correlation, applied to the 

may be insignificant whereas in other in- interpretation of both morphologic alter- 

stances in which the structural changes are ation and functional derangement, should 

inconspicuous but diffuse, liver function is lead to improved diagnosis and manage- 

severely impaired. ment in liver disease. 

The results of liver function tests carried This presentation concerns itself with a 
out days or weeks before autopsy cannot be study of liver biopsies in relation to four 
expected to correlate closely with the problems: (1) Correlation of different liver 

morphologic findings at necropsy. The liver function tests with various histopathologic 

of the cadaver — even if the necropsy is done phenomena independent of the underlying 

* From The Hektoen Institute for Medical Research, Cook County Hospital, Chicago, 111. Presented as a Scientific 
Exhibit at the Centennial Session of the American Medical Association, Atlantic City, N. J., June, 1 947 . Supported by 
a grant from the Dr. Jerome D. Solomon Memorial Research Foundation. 
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disease. (2) Clinical classification of liver 
diseases on a morphologic basis. (3) Evalu- 
ation of the practical improvement in the 
differential diagnosis of liver disease by the 
addition of liver biopsy to clinical and func- 
tional examinations and (4) Combined 
functional and morphologic evaluation of 
therapeutic procedures in liver disease. 

METHODS IN LIVER FUNCTION TESTS 

The results of a series of sixteen liver function 
tests were correlated in each case with liver 
biopsy. The tests employed can be classified 
and interpreted as follows: 

Tests Indicating Liver Cell Damage. 1. Brom- 
sulfalein retention: A retention of more than 6 per 
cent forty-five minutes after the injection of 
5 mg. of dye per Kg. of body weight was con- 
sidered pathologic due to decreased clearance 
of the blood from the dye. 12 This test is valuable 
only in the absence of conspicuous jaundice. 

2. Cephalin-cholesterol flocculation: 13 A floccula- 
tion greater than 1 plus was considered patho- 
logic, indicative of increased gamma globulin 
and reduced albumin. This test is rather sensi- 
tive and of great practical help in the differential 
diagnosis of jaundice since it is usually negative 
in extrahepatic biliary obstruction, even with 
much liver damage, except when there is 
associated infection. 

3. Thymol turbidity test: 14,15 A turbidity of more 
than 4 units was taken as pathologic. It indicates 
increase of lipids and of gamma or beta globulins 
or lipid protein complexes migrating with them, 
possibly associated w’ith reduction of the albu- 
min fraction. 160 This test is a valuable supple- 
ment to the cephalin-cholesterol flocculation 
test. 

4. Albumin-globulin ratio: In liver disease a 
ratio of less than 1.2 was taken as evidence of 
cither reduced synthesis of albumin or in- 
creased formation of globulin by the reticulo- 
endothelial system. Obviously other factors, such 
as loss of albumin in the urine, may affect the 
ratio. 

5. Ilippuric acid excretion:' 6 The inability of the 
liver to detoxify and excrete as hippuric acid in 
the urine more than 0.7 to 1 .0 Gm. of a 1 .7 Gm. 
dose of sodium benzoate injected intravenously 
w-as considered pathologic. This test is of no 
v aluc in the presence of renal damage. It is of 
limited valuc but useful, especially in acute 
liver disease. 
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6. Cholesterol cslcr-cholestcrol ratio: The inability 
to esterify more than 60 per cent of the total 
serum cholesterol was interpreted as liver 
damage. The commonly used Bloor method 1 ' 
does not yield altogether reliable results w'hereas 
the method of Schoenheimer and Sperry 18 is 
rather elaborate for routine examination. Never- 
theless, the cholesterol ester-cholesterol ratio is 
valuable, especially for quantitative follow-up 
of the degree of liver damage. 

7. Plasma vitamin A: Levels of less than 15 
micrograms per 100 cc. of plasma w'ere taken as 
signs of blocked release of vitamin A from the 
liver to the blood in acute liver damage; in 
chronic liver disease impaired intestinal absorp- 
tion is an additional factor. 19-21 Faulty general 
nutrition is responsible less often for reduced 
plasma vitamin A level. Consequently, a 
reduced level may under certain circumstances, 
be of diagnostic value, especially in following the 
clinical course of a patient. 

8. Total serum proteins: Less than 6.0 Gm. per 
cent was considered abnormal but not neces- 
sarily indicative of liver cell damage since other 
factors (such as loss of protein in urine, or 
starvation) may cause a low serum protein. This 
determination aids primarily in establishing the 
therapeutic protein requirements. 

Tests for Marked Interference with Bile Flow. 1. 
Fecal urobilinogen: 2 ' 1 Excretion of less than 10 mg. 
of urobilinogen per 100 Gm. of feces indicates 
lack of secretion of its precursor, bilirubin, into 
the intestine, as seen in biliary obstruction. 

2. Serum alkaline phosphatase: 23 Values above 
4 Bodansky units indicate either reduced biliary 
excretion of the enzyme into the intestine or 
increased production w’ithin the liver, provided 
that excess osteoblastic formation in various 
bone diseases is ruled out. Levels above 15 units 
usually point to extrahepatic obstruction. Values 
between 4 and 1 5 units are found more often in 
hepatitis or cirrhosis. 

3. Total serum cholesterol ; 24 In a jaundiced 
patient a level above 250 mg. per cent is con- 
sidered due to reduced biliary excretion, pro- 
vided other factors of hypercholesterolemia are 
excluded (e.g., hypothyroidism, pregnancy, 
nephrosis, xanthomatosis). 

Tests for Either Disturbed Liver Cell Function 
and/or Marked Interference with Bile Flow. 1. 
Urinary urobilinogen: Urinary urobilinogen is 
normally excreted in amounts of 1 to 3 mg. per 
day 25 or 1 to 3 units in a two-hour sample. 22 This 
quantity is decreased in biliary obstruction 
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because of decreased formation of urobilinogen 
in the intestine and subsequent reduced re- 
absorption. It is increased in the urine in liver 
damage due to failure of the damaged liver cells 
to re-excrete the urobilinogen absorbed from the 
intestine. Urinary urobilinogen is also increased 
in hemolytic processes. The determination of 
urobilinogen in the urine is simple and if 
performed daily may be of great diagnostic 
value. Incomplete obstruction, as in choledo- 
cholithiasis, gives fluctuating values'. 

2. Prothrombin time percentage : 26 This is reduced 
below 85 per cent of normal by inadequate 
absorption of vitamin K from the intestine 
and/or reduced synthesis of prothrombin by the 
liver cells. Only the former condition (as in 
obstructive jaundice) gives a sustained response 
to parenteral vitamin K therapy. The thera- 
peutic test may, therefore, under some circum- 
stances aid in establishing liver damage. 

3. Total serum bilirubin : 27 Elevation above 
1.2 mg. per cent signifies retention of bilirubin 
in the blood stream or, more commonly, its 
regurgitation from the smallest biliary passages 
into the blood. The determination aids more in 
following the course of liver disease than in 
differential diagnosis. 

Test for Portal Inflammation. Sedimentation rate: 
When elevated above 15 mm./hr. in liver 
diseases, inflammatory changes in the portal 
triads were assumed, provided that other in- 
flammatory foci were excluded. 

Test for Hepatorenal Relation. Serum non- 
protein nitrogen: Values above 40 mg. per cent 
may be found associated with liver damage and 
are then due to increased reabsorption of 
nitrogenous substances in the renal tubules, 
provided that primary renal causes are ex- 
cluded. 28 Such pathologic reabsorption occurs 
more often in toxic hepatitis or biliary obstruc- 
tion of long duration than in other types of liver 
disease. 

METHODS IN LIVER BIOPSIES 

The majority of liver biopsies in this study 
were procured by means of a Turkel needle 29 
inserted under local anesthesia through the 
seventh to ninth right costal interspace in 
the mid-axillary line. The patient was placed 
in the left lateral decubitus position with a pillow 
under the left flank to act as a “gallbladder 
rest.” This approach assured displacement of 
all viscera and ascitic fluid. The Turkel needle 
consists essentially of an outer trocar needle 


for insertion through the parietes, with an inner 
serrated trephine which cuts a core of tissue ’ 
approximately 2 mm. in diameter. A syringe is 
attached upon removing the trephine needle to 
aspirate the tissue core. Others have used the 
Vim-Silverman needle. This study is now being 
continued with the use of Gillman’s technic. 5 

The biopsy material was fixed in Zenker- 
formalin or Carnoy’s solution. Sections were 
stained with hematoxylin-eosin, Mallory’s ani- 
line blue connective tissue stain and Gomori’s 
reticulum fiber stain. 

Because of the danger of fatal hemorrhage 
from this procedure 7 the following conditions 
are considered, for the present, as contra- 
indications to liver biopsy; increasing experience 
may alter this list: (1) Hypoprothrombinemia 
(prothrombin time percentage under 85); (2) 
severe cholemia; (3) passive congestion of the 
liver; (4) systemic hypertension of marked 
degree; (5) hemorrhagic diseases; (6) atrophic 
liver (difficulty in engaging liver with needle). 

This study includes our experience with 221 
needle biopsies obtained in 154 patients and 106 
biopsies obtained during laparotomy. 

OBSERVATIONS ON CORRELATION OF LIVER 
FUNCTION TESTS WITH SEVERAL 
STRUCTURAL PHENOMENA 

As presented in detail in another publi- 
cation 30 the following conclusions can be 
drawn from correlations made out between 
certain morphologic phenomena and ab- 
normal results of liver function tests. These 
correlations were obtained by statistical 
methods without taking into account the 
diagnosis in each individual case. They 
represent association of phenomena rathei 
than necessarily cause and effect relation- 
ships. (Table I.) 

A significant correlation was found be- 
tween diffuse liver cell damage and brom- 
sulphalein retention, cephalin-cholesterol 
flocculation, thymol turbidity and albumin- 
globulin ratio. A lesser degree of correlation 
was observed with marked elevation of 
serum bilirubin, reduction of plasma vita- 
min A and increase in prothrombin time 
percentage. No correlations were evident 
between diffuse liver cell damage and total 
serum protein, alkaline phosphatase, total 
cholesterol and cholesterol esters, urinary 
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and fecal urobilinogen, nonprotein nitrogen 
and sedimentation rate. 

Focal necrosis, in sharp contrast to diffuse 
parenchymal damage, showed little cor- 
relation with any of the liver function tests 
performed. 


function tests. Histologically impressive 
focal necroses, however, may not be mir- 
rored at all by function tests because the 
surrounding intact liver parenchyma com- 
pensates for the damaged cells. Liver 
diseases with circumscribed lesions, such as 


Table i 

STATISTICAL RELATION BETWEEN LIVER FUNCTION TESTS AND PATHOLOGIC PHENOMENA 


WITHOUT REFERENCE TO DIAGNOSIS 



Diffuse 

Liver 

Cell 

Damage 

1 

Focal 

Necrosis 

Regener- 

ation 

Distorted 

Recon- 

struction 

Periportal 

Inflam- 

matory 

Activity 

Fatty 

Metamor- 

phosis 

Kupffer 

Cell 

Activity 

Cephalin-cholesterol flocculation 

4- 4- + 

0 

0 

4-4-4- 

+ 

0 

0 

Thymol turbidity 

4-4-4- 

0 

+ 4- 

4-4- 

0 

0 

0 

Reduction of total serum protein 

0 

0 

0 

0 

0 

0 

0 

Abnormal serum albumin-globulin 
ratio 

4-4-4- 

0 

0 

0 

0 

0 

4-4-4- 

Elevated serum N.P.N 

0 

0 

0 

0 

0 

0 

0 

Elevated urinary urobilinogen 

0 

0 

0 

0 

0 

0 

0 

Reduced stool urobilinogen 

0 

0 

0 

0 

0 

0 

1 0 

Elevated total serum cholesterol 

0 

0 

0 

0 

0 

0 

0 

Reduced cholesterol ester ratio 

0 

0 

0 

0 

0 

0 

0 

Serum bilirubin elevated above 8 mg. 
per cent 

-\- 

0 

0 

0 

0 

0 

4-4-4- 

Bromsulphalein retention 

4-4-4- 

0 

° i 

0 

0 

0 

0 

Reduced hippuric acid synthesis 

0 

0 

0 

0 

0 

0 

i 0 

Elevated serum alkaline phosphatase. . . 

.0 

0 

0 

0 

0 

0 

0 

Reduced prothrombin time percentage. 

4 - 

0 

0 

0 

0 

0 

l 0 

Reduced plasma vitamin A 

4- 

0 

0 

0 1 

0 

0 

0 ■ 

Elevated sedimentation rate 

0 

0 

0 

4-4- 

+ 4- 

0 

0 


Regeneration of individual liver cells 
showed a significant correlation with thymol 
turbidity. 

Distorted reconstruction of the lobular 
pattern, as seen in cirrhosis, revealed a 
significant degree of correlation with the 
cephalin-cholesterol flocculation, thymol 
turbidity and elevation of the sedimentation 
rate. 

Periportal inflammatory activity showed 
a significant correlation with increased 
sedimentation rate. 

Fatty metamorphosis of the liver was not 
statistically correlated with any of the liver 
function tests employed. 

Kupfier cell activity was found related to 
elevated serum bilirubin and pathologic 
albumin-globulin ratio. 

It should be emphasized that diffuse 
liver cell damage, although morphologically 
often not conspicuous, is usually associated 
with markedly abnormal results in many 
march, 1949 


granulomas, abscesses (e.g., amebic), tumor 
metastases or other local alterations which 
do not influence the surrounding liver 
parenchyma, may not be disclosed by liver 
function tests. 

MORPHOLOGIC CLASSIFICATION OF DIFFUSE 
PARENCHYMAL LIVER DAMAGE 

Although its inflammatory character in 
many cases is not established, acute par- 
enchymal liver damage, if clinically con- 
spicuous, is referred to as hepatitis. Hepatitis 
may be classified in two types: primary or 
medical form due to various infections and 
intoxications, and a secondary or surgical 
form due to tumors, scars and strictures 
involving the biliary tract. In the following 
enumeration of the most commonly en- 
countered forms the clinical and morpho- 
logic findings are summarized and the 
laboratory tests listed in the order of 
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have almost completely disappeared except for a few regenerates which simulate proliferated bile 
ducts. Phagocytosing, chiefly histiocytic, exudate cells are seen in the lobular framework and portal 
triads, b, biopsy specimen of a severe (non-fatal) form of viral hepatitis. The liver cells are irregularly 
stained and poorly outlined; occasionally they are hyalinized. Thp nuclei vary in size. Round cells are 
seen in sinusoids and in large numbers in portal triads, c, biopsy specimen of mild viral hepatitis. The 
liver cell cords are irregularly arranged and their cells vary in size. Throughout the parenchyma and 
portal triads many mononuclear cells are seen, d, biopsy specimen of viral hepatitis with protracted 
convalescence. The poorly delineated portal triads reveal marked cellular infiltration and early 
fibrosis. Around them regeneration of liver cells is conspicuous. 


significance. However, it is not implied 
that the results of liver function tests permit 
a histopathologic diagnosis. 

Primary Hepatitis. 1. Infectious or viral 
hepatitis: At least two portals of entry are 
recognized; an oral route with an incuba- 
tion period of two to six weeks and a 
parenteral route (homologous serum jaun- 
dice) with an incubation period of two to 
six months. 37 The following main types of 
this disease are observed: 

The fulminant form 32 ' 33 is often seen in 
homologous serum jaundice and is fatal in 
less than ten days after onset of icterus. 
Histologically, (Fig. 1a) an “explosive” 
destruction of almost all liver cells is seen 
with little remaining that resembles the 
normal liver architecture. There is marked 
inflammatory reaction and phagocytosis. 
This is one of the types formerly referred to 
as “acute yellow atrophy.” Most of the 


liver function tests are abnormal, especially 
the cephalin-cholesterol flocculation and 
thymol turbidity; serum bilirubin,, pro- 
thrombin time and (usually) urinary uro- 
bilinogen are markedly elevated. In addition 
there is a decrease of plasma vitamin A, 
hippuric acid synthesis, cholesterol ester- 
cholesterol and albumin-globulin ratios. 
The sedimentation rate is increased. 

In the prodromal period of the severe 
(non-fatal) form, often prolonged, febrile or 
gastrointestinal symptoms predominate. The 
course is stormy and jaundice usually lasts 
about four weeks, resulting in considerable 
weight loss and weakness. Results of the 
liver function tests are similar to those in 
the previous form. In addition, the alkaline 
phosphatase is usually elevated. Histologi- 
cally, (Fig. 1 b) there is diffuse damage of the 
liver cells with considerable mesenchymal 
reaction as indicated by diffuse intralobular 
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and periportal infiltration with phagocytic 
l-ound cells. 

In the mild form jaundice may be 
absent. It is, therefore, not infrequently 
missed because of its clinically inconspicuous 
course. Only a few of the liver function tests 
are abnormal. There is usually retention of 
bromsulfalein, increase of urinary urobi- 
linogen and increase in the sedimentation 
rate. Cephalin-cholesterol flocculation and 
thymol turbidity may be abnormal. In 
addition hippuric acid synthesis and cho- 
lesterol esters are occasionally reduced. 
Liver biopsy (Fig. lc) shows diffuse but 
milder liver cell damage and not very 
conspicuous intralobular and periportal 
mesenchymal reaction. 

In the protracted stage icterus is usually 
absent and symptoms of fat intolerance and 
neurasthenia predominate. A transition to 
cirrhosis may occur. Only the thymol 
turbidity and sedimentation rate may be 
abnormal. Liver biopsy (Fig. Id) often 
reveals more than anticipated from the 
clinical picture. Liver cell damage is slight 
but signs of regeneration of parenchymal 
cells with portal fibrosis and round cell 
infiltration suggest a chronic phase of the 
disease. 

Absence of bile from the duodenum may 
occur in any stage of hepatitis, leading to a 
clinical syndrome similar to extrahepatic 
biliary obstruction. Serum bilirubin, total 
cholesterol, alkaline phosphatase and sedi- 
mentation rate are high while the urinary 
and fecal urobilinogen are markedly de- 
creased. Results of the other function tests 
will depend on the type of hepatitis asso- 
ciated with this phenomenon. In the acute 
stage they are usually abnormal; in the late, 
protracted form of viral hepatitis (transition 
into cholangiolitic cirrhosis of Floffbaucr 
and Watson 34 ) they may be normal. There 
is no characteristic histologic picture for the 
mtrahcpatic biliary arrest per se. Morpho- 
logically, the picture will depend on the 
stage of hepatitis, independent of the arrest 
of bile flow. 35 

2. Toxic hepatitis: This comprises condi- 
tions caused by substances known to be in- 
i' arch, 1949 


jurious to the liver such as exogenous agents 
(chemicals, drugs and bacteria such as 
pneumococci, salmonella) or endogenous 
toxins (e.g., in pregnancy, hyperthyroidism, 
etc.). In a large number of patients with 
morphologically identical lesions no hepato- 
toxic factor can be elicited in the history. 

In the fatal form prodromal symptoms 
are variable but the course is stormy and 
rapid with death in cholemia and uremia. 
Most liver function tests give abnormal 
results. However, the cephalin-cholesterol 
flocculation and thymol turbidity tests are 
not always positive. Prothrombin time, 
serum bilirubin, urinary urobilinogen, non- 
protein nitrogen and sedimentation rate 
may be increased. Albumin-globulin and 
cholesterol ester ratios and plasma vitamin 
A are decreased. Histologically, in the most 
common form, there is widespread necrosis 
of liver cells in the central zone (Fig. 2a) 
without much evidence of mesenchymal 
reaction. This picture is often referred to as 
central necrosis. 

In the severe (non-fatal) form the pro- 
dromal symptoms may be prolonged. The 
clinical course and results of liver function 
tests are similar to those in the fatal form 
but the patient recovers -slowly. Morpho- 
logically, (Fig. 2b) gradual cell death and 
disappearance of liver cells occurs in zonal 
arrangement, usually in the center of the 
lobule, but little mesenchymal reaction is 
noted. 

The fatty form is frequently called fatty 
degeneration and is often the result of a 
known hepatotoxic substance, at times pre- 
disposed by nutritional deficiency. Results 
of the liver function tests are similar to 
those in the two previous forms of toxic 
hepatitis. Liver biopsy (Fig. 2c) shows diffuse 
fatty metamorphosis with necrobiosis of liver 
cells without marked mesenchymal reaction. 

In the mild form there is no characteristic 
prodromal state and the clinical course is 
characterized by prolonged, often mild 
jaundice. Urinary urobilinogen is high and 
serum bilirubin slightly increased. There is 
retention of bromsulfalein. The flocculation 
tests may be positive. In addition hippuric 
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Fig. 2. a, autopsy specimen of toxic hepatitis. The liver cells in the lobular centers have disappeared 
and the cells on the border of the denuded areas are necrobiotic. Little mesenchymal reaction is seen. 
b, biopsy specimen of severe (non-fatal) toxic hepatitis. There is coagulation necrosis and vacuoliza- 
tion of epithelial cells in the center of the lobules, with moderate regeneration and little mesenchymal 
reaction, c, biopsy specimen of fatty toxic hepatitis. There is extensive fatty metamorphosis with 
coagulation necrosis, necrobiosis and bile pigment imbibition of liver cells. The Kupffer cells are 
hardly mobilized, d, biopsy specimen of mild toxic hepatitis. The staining qualities of the liver cells 
are irregular throughout. Liver cell cords and portal triads are almost devoid of cellular reaction. 

acid synthesis and cholesterol ester ratio are absent while serum bilirubin, alkaline 

may be decreased. In the liver biopsy (Fig. phosphatase, total cholesterol, prothrombin 

2d) diffuse or centrolobular damage is seen, time and sedimentation rate are increased, 

mild in degree, associated with focal necrosis The thymol turbidity is slightly increased 

with almost no mesenchymal response. but the cephalin-cholesterol flocculation 

Secondary Hepatitis. In secondary hepa- test is negative. Liver biopsy (Fig. 3a) 

titis occurring in surgical conditions of the shows bile stasis and bile impregnation of 

biliary tract caused by tumors, stones or the liver cells in the center of the lobules 

strictures, liver damage is due either to with slight liver cell damage, 
prolonged biliary obstruction (biliary hepa- The advanced form is usually the result 
titis) or to bacterial infection of the portal of several weeks of complete biliary ob- 

triads (purulent hepatitis). struction. The patient is cachectic, has 

1. Biliary hepatitis: Liver cell damage acholic stools, at times a palpable gall- 

with impaired function is due to biliary bladder and may be cholemic. The same 

stasis. The extent of biliary hepatitis tests are positive as in the earlier stage. In 

depends on the degree and duration of addition there is reduction of.hippuric acid 

the obstruction. It is, therefore, rather com- synthesis, of total protein, of albumin- 

mon in malignant obstruction of the bile globulin and cholesterol ester ratios; non- 
ducts which is usually complete and protein nitrogen is often increased. Biopsy 

permanent. (Fig. 3c) reveals bile casts in the central 

The early form occurs in the first weeks and peripheral portions of the lobule with a 

of obstruction and may be associated with significant degree of diffuse liver cell 

pruritus. Fecal and urinary urobilinogen damage and circumscribed necroses with 
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Fig. 3. a, biopsy specimen of early biliary hepatitis. 1 here are bile thrombi in the center of the lobules, 
with little liver cell damage in the adjoining areas and almost no mesenchymal reaction, b, biopsy 
specimen of a case of portal perilymphangitis. Lymphocytes and histiocytes are seen around lym- 
phatics of the portal triads. Eile ducts, vessels and liver parenchyma reveal no abnormal changes, c, 
biopsy specimen of severe biliary hepatitis. Eile thrombi are seen in central and periportal areas of the 
lobule. There is diffuse liver cell damage and enlargement of the portal triads due to circular fibrosis. 
d, biopsy specimen of purulent hepatitis showing perilymphangitic accumulations of round cells and 
polymorphonuclear cells in enlarged portal triads. The latter are not sharply limited and reveal bile 
duct proliferation, e, biopsy specimen of a chronic form of biliary hepatitis. Proliferated connective 
tissue with bile ducts surround the parenchyma in which distorted reconstruction has started. Some 
liver cell damage is noted, f, biopsy specimen of a chronic form of purulent hepatitis. There is dense 
cellular infiltration of the enlarged and fibrosed portal triads which reveal proliferating bile ducts. 
The liver parenchyma shows little damage. 


bile imbibition (bile infarcts). The peri- 
portal fields show circular fibrosis. 

The chronic cirrhotic form represents the 
late stage of an obstruction, usually malig- 
nant, with dark green icterus, pruritus, 
cachexia, anemia, large liver, occasionally 
palpable gallbladder but rarely ascites. The 
same tests are positive as in the preceding 
forms and plasma vitamin A is also reduced. 
Morphologically, (Fig. 3e) there is portal 
march, 1949 


fibrosis, bile stasis and partially distorted 
reconstruction of the lobular pattern. Usu- 
ally liver cell damage is marked. 

2. Purulent hepatitis : Bacterial infection of 
the portal triads develops through hem- 
atogenous, hemolymphatic or cholangitic 
routes. It occurs in various inflammatory 
lesions in the portal system independent of 
degree or duration of biliary obstruction. It 
may, therefore, complicate any stage of 
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surgical jaundice, but most often the 
benign form. 

The perilymphangitic form may occur 
in any intra-abdominal condition in which 
irritating material reaches the liver, e.g., in 
cholecystitis without jaundice or other 
gastrointestinal lesions. The clinical picture 
is not characteristic. The sedimentation 
rate is usually increased. Biopsy of the liver 
(Fig. 3b) shows accumulations of round 
cells and occasional polymorphonuclear 
leukocytes around the lymphatics of the 
portal triads, frequently without evidence 
of liver cell damage. 

The suppurative form is clinically char- 
acterized by chills, fever and leukocytosis, as 
seen with cholangitis or Charcot’s inter- 
mittent hepatic fever. In contrast to the 
biliary form the cephalin-cholesterol floc- 
culation and thymol turbidity tests are both 
positive. Serum bilirubin is not always 
elevated, there is bromsulfalein retention, 
increase in urinary urobilinogen and sedi- 
mentation rate and usually reversal of the 
albumin-globulin ratio. In more severe 
cases the cholesterol ester ratio, hippuric 
acid synthesis and plasma vitamin A are 
reduced. Biopsy (Fig. 3d) reveals multiple 
purulent foci or abscesses in the portal 
triads and diffuse liver cell damage. 

The chronic form is usually seen clinically 
after prolonged incomplete obstructive jaun- 
dice in the presence of inflammation, e.g., 
from a stricture of the bile ducts. There are 
bouts of chills, fever and leukocytosis with 
development of a large firm liver, large 
spleen and anemia. The cephalin-choles- 
terol flocculation and thymol turbidity tests 
are positive. Serum bilirubin, urinary uro- 
bilinogen, prothrombin time and sedimen- 
tation rate are increased; the total serum 
protein is reduced. In addition there is a 
decrease in the albumin globulin ratio, 
plasma vitamin A, cholesterol ester ratio 
and hippuric acid synthesis. Morphologi- 
cally, (Fig. 3f) there is portal fibrosis with 
dense infiltration by inflammatory cells. 
Liver cell damage is evident. The lobular 
pattern shows some distorted reconstruction. 

Cirrhosis. This is a group of chronic liver 


diseases or hepatitides of varying etiology. 
Connective tissue proliferation and dis- 
torted reconstruction of the lobular pattern 
resulting in more or less portal hypertension 
are significant features. Some types are 
related to the forms of hepatitis already 
described. 

1. Portal Cirrhosis without Jaundice. This 
is the type originally described by Laennec. 
Its etiology is as yet unestablished although 
nutritional deficiencies with or without 
alcohol addiction seem to play a role. There 
is an insidious onset and in later stages, 
subicterus, ascites, esophageal varices, spider 
nevi, splenomegaly and anemia appear. 
The albumin-globulin ratio and total serum 
protein are decreased. There is brom- 
sulfalein retention. The cephalin-choles- 
terol flocculation and thymol turbidity 
tests are often positive. The sedimentation 
rate and urinary urobilinogen are increased. 
In addition hippuric acid synthesis may be 
reduced. Biopsy (Fig. 4a) reveals a progres- 
sive portal fibrosis, distorted reconstruction 
— often complete — of the lobular pattern 
usually without marked liver cell damage. 

2. Portal Cirrhosis with Jaundice. Here the 
clinical picture is complicated by icterus 
and occasionally even by cholemia. In 
addition to the abnormal liver function 
tests there is a marked increase in serum 
bilirubin, prothrombin time and usually 
non-protein nitrogen. In addition the cho- 
lesterol ester ratio, hippuric acid synthesis 
and (often) plasma vitamin A are reduced, 
the serum alkaline phosphatase is elevated. 
Morphologically, (Fig. 4b) in addition to 
the histologic picture of portal cirrhosis just 
described, the liver cells in the nodules are 
found to be diffusely damaged and theie 
are many r bile casts. Occasionally a cholo- 
static phase occurs in this form, character- 
ized by absence of urobilinogen from urine 
and feces, by high total cholesterol and 
extremely high alkaline phosphatase. In 
this phase encircling fibrosis around the 
small bile ducts and severe bile stasis is 
noted histologically. 

3. Fatty Cirrhosis. This is now considered 
the result of a nutritional deficiency (ab- 
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lar infiltration and proliferating bile ducts, b, biopsy specimen of portal cirrhosis with jaundice. The 
nodules are not sharply demarcated from the connective tissue bands. The liver cells reveal diffuse 
damage, are dissociated and surround bile casts, c, biopsy specimen of fatty cirrhosis. The liver 
cells are arranged in nodules of relatively uniform size which are separated by sharply delineated 
narrow trabeculae. The cells usually contain one large fat droplet, d, biopsy specimen of postnecrotic 
cirrhosis after viral hepatitis. Various sized nodules are surrounded by wide connective tissue bands 
containing cord-like liver cell regenerates simulating proliferating bile ducts in addition to vessels and 
partially phagocytosing mononuclear cells. 

sence of lipotropic substances), seen often 
in alcoholics and characterized clinically 
by a large liver, slight portal hypertension, 
subicterus and slight anemia. There is 
bromsulfalein retention, reduced serum 
protein and lowered albumin-globulin ratio. 

Urinary urobilinogen is slightly increased. 

The cephalin-cholesterol flocculation and 
thymol turbidity tests may or may not be 
positive. In some cases the sedimentation 
rate is increased and the cholesterol ester 
ratio reduced. Biopsy (Fig. 4c) reveals 
diffuse fatty metamorphosis and beginning 
distorted reconstruction of the lobular 
pattern but little evidence of liver cell 
necrosis. 

4. Postnecrotic cirrhosis. This is thought to 
he the sequel of chronic viral hepatitis or, 
less commonly, of toxic hepatitis. The 
clinical picture is that of cirrhosis (portal 
hypertension, anemia and spider nevi) with 
more or less severe jaundice. The cephalin- 
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cholesterol flocculation and thymol tur- 
bidity tests are positive, serum bilirubin, 
prothrombin time and urinary urobilinogen 


Table 11 

IMPROVEMENT IN DIAGNOSIS OF LIVER DISEASES BY THE USE 
OF A SERIES OF LIVER FUNCTION TESTS AND LIVER BIOPSY 


Final Diagnosis 

No. of 
Cases 

Percental 

Clinical 
Obscr- 1 
vation 

gc of Corrcc 
Based on 

Clinical 
Obser- 
vation 
Plus Liver 
Function 
Tests : 

t Diagnoses 

Clinical 
Obser- 
vation, 
Liver Func- 
tion Tests 
and Biopsy 

Infectious hepatitis . . 

29 l 

86 

90 

93 

Toxic hepatitis .... . . ! 

35 

57 

68 

91 

Cirrhosis with jaundice . 

52 

77 

92 

98 

Cirrhosis without jaundice . 

18 

83 

94 

100 

Benign obstruction. . 

27 

55 

85 

, 89 

Malignant obstruction . . . 

31 

74 

96 

96 


are elevated. The total serum protein is 
reduced and the albumin-globulin ratio is 
reversed. There is also a reduction of 
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Fig. 5. a, biopsy specimen from a patient with hepatomegaly which proved to be due to 
amyloidosis. Extensive deposits of pinkish-staining amyloid separate the sinusoids from the com- 
pressed liver cell cords. The liver cells themselves reveal little changes, b, biopsy specimen from a 
patient with Boeck’s sarcoidosis. A tubercle is seen composed of epitheloid cells in palisade arrange- 
ment, with preserved capillaries in the center and lymphocytes in the outer zone, c, biopsy specimen 
from a patient with lymphosarcoma. Accumulations of lymphoblastic elements surround vessels and 
bile ducts in the portal triads. The cellular accumulations are well delineated .from the liver paren- 
chyma. n, biopsy specimen of a metastatic adenocarcinoma. The tumor compresses the liver cell cords 
in the center of which bile thrombi may be seen. 

plasma vitamin A, cholesterol ester ratio 
and hippuric acid synthesis. The sedi- 
mentation rate is elevated. Morphologically, 

(Fig. 4d) the connective tissue in wide areas 
appears collapsed after the disappearance 
of liver parenchyma due to extensive 
necrosis. Otherwise, there is more or less 
diffuse reconstruction of the lobular pattern 
with progressive liver cell damage. 

LIVER FUNCTION TESTS AND LIVER BIOPSY AS 
AN AID IN THE DIFFERENTIAL DIAGNOSIS OF 
JAUNDICE AND/OR HEPATOMEGALY 

The combination of liver function tests 
with clinical observations and simple uri- 
nalysis raises considerably the percentage 
of correct diagnoses of liver diseases with 
jaundice. In a previous report 36 on 563 
jaundiced and 112 non-jaundiced patients 
use of the liver function tests improved the 
percentage of correct diagnoses from 62 per 
cent at the time of the first examination of 
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the patients to 95 per cent after complete 
clinical and laboratory work-ups. In this 
series 192 cases were available in which the 
diagnosis considered final on discharge or 
death of the patient was compared with (1) 
the impression obtained from clinical ex- 
amination only, (2) the diagnosis derived 
from clinical observation plus the results 
of liver function tests and (3) the diagnosis 
based on biopsy findings together with the 
just mentioned data. (Table n.) In almost 
all types studied accuracy of the diagnosis 
was improved by the liver function tests. 
Liver biopsy was of additional help. The 
improvement in diagnosis was greatest m 
toxic hepatitis. In 5.3 per cent of all cases 
the histologic diagnosis of the biopsy speci- 
men differed from the final diagnosis and 
was, therefore, probably wrong. 

In some conditions associated with hepa- 
tomegaly but without disturbance of liver 
function, jaundice or ascites, the nature of 
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Fig. 6. a, biopsy specimen from a patient with early fatty cirrhosis before lipotropic therapy. Jaundice 
and hepatosplenomegaly were present; liver function tests were abnormal. Extensive fatty meta- 
morphosis and bile thrombi can be seen; b, biopsy specimen from the same patient as a four weeks 
after lipotropic therapy. The liver function tests were improved. The liver cells are now fat-free and 
show signs of cellular regeneration. However, cirrhotic changes such as increased connective tissue 
with cellular infiltration and proliferating bile ducts are now conspicuous, c, biopsy specimen from a 
patient with recovering viral hepatitis before start of exercise. Moderate degree of liver cell damage 
and mesenchymal reaction is present, d, biopsy specimen from the same patient as c taken after three 
days of controlled exercise. Increase in liver cell damage and mesenchymal reaction is noted. Some 
liver function tests also showed regression. 


B 


D 


the hepatic involvement can be recognized 
by liver biopsy. In the following instances 
of this group the 'diagnosis was first made 
on the basis of biopsy findings: (1) Amy- 
loidosis (Fig. 5a); (2) Boeck’s sarcoidosis 
(Fig. 5b); (3) lymphosarcoma (Fig. 5c); 
(4) primary carcinoma of the liver; (5) 
metastatic carcinoma (Fig. 5d). 

This method of diagnosis can also be ex- 
pected to be of diagnostic help in various 
storage diseases and in granulomatous or 
parasitic lesions of the liver. 

histologic evaluation of therapeutic 

PROCEDURES IN LIVER DISEASES 

Evaluation of the morphologic changes 
occurring after the application of various 
therapeutic agents may supplement informa- 
tion obtained from clinical and laboratory 
studies in the human. This help is most 
valuable since relatively few therapeutic 
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principles in liver diseases are well estab- 
lished and since clinical and laboratory 
results are sometimes contradictory. 

In addition to the well established prin- 
ciple of administration of a diet of high 
carbohydrate, high protein, low fat (in 
acute infectious hepatitis fat may be given 
as tolerated since the liver is poor in fat) and 
high vitamins, the intake of methionine (as 
free amino acid or in protein) or of choline 
(with or without cystine) has been recom- 
mended in recent years. 37-39 These sub- 
stances are essential in removal of fat from 
the liver (lipotropic activity) 40 by providing 
labile methyl groups. To methionine, which 
may be formed in the body from choline 
and cystine, has also been ascribed a de- 
toxifying effect by providing sulfhydryl 
groups. 41 

While biopsy studies in the human pro- 
vide additional evidence for the lipotropic 
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effect of this treatment of fatty livers of 
various etiology, 42 they do not necessarily 
prove that lipotropic therapy is a cure for 
cirrhosis. In some instances, despite fat re- 
moval, the inflammatory process in the 
portal triads may progress. (Figs. 6a and 

B .) 43 

That bed rest is an important adjuvant 
in the treatment of hepatitis — particularly 
the infectious type 44,45 — is emphasized by 
the marked deterioration of the histologic 
picture of the liver even in the recovery 
stage if a biopsy is repeated after exercise. 
(Figs. 6c and d.) 

SUMMARY 

1. An attempt has been made to illustrate 
the aid in diagnosis and management of 
liver diseases derived from the use of liver 
function tests and liver biopsy findings, and 
correlations between them. 

2. The significance of a series of liver 
function tests and the indications and con- 
traindications of liver biopsy in liver dis- 
ease and other hepatomegalies are briefly 
discussed. 

3. Correlation between morphologic and 
functional findings helps in evaluation of 
liver function tests and reveals that most 
liver function tests give abnormal results in 
diffuse parenchymal diseases whereas in 
focal alterations, regardless of severity, none 
or only a few tests may be pathologic. 

4. Based on morphologic and functional 
criteria, acute hepatic damage was sub- 
divided into viral, toxic, biliary and puru- 
lent types; different forms in each group 
were illustrated by clinical, laboratory and 
morphologic criteria. The various forms of 
cirrhosis were similarly discussed. 

5. The improvement in diagnosis of liver 
diseases derived from use of liver function 
tests and the additional help of liver bi- 
opsies is demonstrated. Liver biopsy also 
can be applied to the critical evaluation of 
therapeutic procedures in hepatic disease. 
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T he wave of enthusiasm for the per- 
formance of liver biopsy as a routine 
diagnostic procedure dates from the 
demonstration by Iverson and Roholm 1 
that the technic is simple, relatively safe 
when carried out with proper attention to 
detail and provides a piece of liver tissue of 
sufficient size to permit of serious histologic 
study. Hoffbauer 2 published an excellent 
review of the evolution of the procedure to 
date in which he considers the advantages 
and disadvantages of various technics. He 
believes, as we do, that the Vim-Silverman 
needle technic, as originally described by 
Tenopyr and Silverman 3 and by Tripoli 
and Fader, 4 is safe and efficient. All speci- 
mens considered in this study were ob- 
tained by this method. Only an anterior 
approach has been used and biopsy has 
been limited to patients with palpable 
livers. In the course of more than a hundred 
such biopsies no mishaps have occurred. 

Histologic evaluation of these specimens 
in this clinic constitutes one part of a broad 
program of investigation of the normal and 
abnormal clinical physiology of the liver. 
In this report we shall attempt to correlate 
biopsy, clinical and biochemical findings 
in selected patients studied under controlled 
conditions. In attempting such correlation 
we have indulged in purposeful oversimpli- 
fication of an extremely complex problem. 


CLINICAL MATERIAL 

A large group of patients with acute, 
subacute and chronic liver disease has been 
followed clinically, chemically and his- 
tologically over prolonged periods of time. 
The acute group has included individuals 
with all degrees of severity of “epidemic 
viral” and “homologous serum” hepatitis. 
Of those men with subacute (obviously a 
relative term) forms of hepatic involvement 
the majority have represented cases of non- 
resolving viral hepatitis but at least two 
men have had long-continued cholangitis 
referable to coccal and/or bacillary infec- 
tion. 

The patients with chronic liver disease, 
i.e., “cirrhosis,” have had, with only one 
exception, a history of use and abuse of 
alcohol over fifteen or more years. The 
majority have been in the fourth decade. 

For the purposes of this report three 
acute, one subacute and five chronic pa- 
tients have been arbitrarily selected from 
the larger group as being most carefully 
studied and most representative. 

STUDIES 

Clinical Criteria. In the clinical evalua- 
tion of these patients, certain objective 
entities have been carefully recorded for 
comparative purposes: (1) general nutri- 
tion; (2) apparent degree of scleral icterus; 
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(3) liver size, as noted at the right anterior 
axillary line (cm. below the rib margin) ; (4) 
degree of splenomegaly, if present; (5) 
venous dilation — chest, abdomen and back; 
(6) spider angiomas; (7) degree of ascites, if 
present; (8) degree of dependent edema, if 
present; (9) evidence of “vitamin B defi- 
ciency” as manifested by abnormalities of 
the tongue, skin and mucous membranes; 
(10) status of appetite, particularly in rela- 
tion to therapy; (11) gynecomastia, if 
present; (12) fetor hepatis if present. In the 
text gradation of positive physical findings 
are arbitrarily recorded on a 1+ to 4 + 
basis. 

Histology. Initially the entire specimen 
obtained from the Vim-Silverman needle — 
a cylinder of tissue 2 mm. in diameter and 
varying from 1 to 3 cm. in length in the 
fresh state — was fixed in formalin and 
stained with hematoxylin and eosin. As 
our technic improved and the usual speci- 
men approached the 3 rather than the 1 cm. 
length the tissue was divided, half being- 
placed in formalin and - half in absolute 
alcohol for later staining with Best’s car- 
mine. Other stains, including osmic acid, 
Sudan in and prussian blue (for iron 
pigment), have also been used. With few 
exceptions, as will be noted below, the 
hematoxylin and eosin, and carmine prepa- 
rations gave us as much or more informa- 
tion than we were able to obtain with other 
technics. 

Chemistry. In an organ such as the liver 
with (normally) such homogeneity of cellu- 
lar structure and such extreme multiplicity 
of chemical activities, it would at first glance 
seem almost a hopeless task to set up any 
system of chemical evaluation which could 
be correlated well with structural alteration. 

In our chemical panel we have attempted 
to include quantitative or semi-quantitative 
procedures which would give some infor- 
mation concerning: (1) the excretory- 
detoxification mechanisms (icterus index, 
free and combined bilirubin blood levels, 
bvomsulfaicin removal and hippuric acid 
excretion); (2) protein metabolic activities 
(scrum albumin and globulin; NPN; urea 
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nitrogen; plasma amino acid nitrogen 
and uric acid nitrogen; and methionine 
utilization); (3) carbohydrate metabolism 
(glycogen storage test); (4) fat and steroid 
metabolism (serum free and esterified chole- 
sterol; metabolism of administered androgen, 
as manifested by 17-ketosteroid excretion); 
(5) certain tests dependent upon aberrations 
of serum globulin and lipoglobulin (proth- 
rombin time; cephalin cholesterol floccula- 
tion; thymol turbidity; and sedimentation 
rate). Only a few of these are emphasized 
in this phase of the study (vide infra). 

Scheme of Evaluation. As clinical, his- 
tologic and chemical data accumulated we 
found it necessary to reduce our system to 
the simplest possible terms if we were to find 
any basis for correlation. 

The textbook description of the liver is 
that of a great organ comprised of multiple, 
tiny functional units, these units being so 
designed that blood from the portal system, 
containing the products of intestinal diges- 
tion, is mixed with highly oxygenated blood 
from the hepatic artery just before its 
passage between the rows of hepatic cells in 
the anatomic lobule. During this passage, 
through the joint activity of the Kupffer 
cells and the liver cells, certain metabolites 
are removed from and others added to the 
stream which then rejoins the general 
circulation by way of the hepatic vein. The 
normal histologic structure and functions 
of such a lobule are shown schematically in 
Figure 1. 

In arriving at a system of histologic 
evaluation, we initially searched for any 
abnormality or series of abnormalities in 
liver cells per se which would show consistent 
correlation with specific clinical or chemical 
findings. To date no such specific correlation 
has been found; hence we still find it 
necessary to speak of “gross hepatocellular 
change, as manifested by aberration in size 
and shape of liver cells, by widespread 
multinucleation, and by abnormal staining 
characteristics.” Aside from such complex 
hepatocellular pathology, study of any con- 
siderable number of biopsy sections focuses 
one’s attention upon the relative amount of 
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Fig. 1 . Schematic presentation of structure and function of the hepatic lobule. (Courtesy of authors and publisher.) 


connective tissue present and upon the 
amount and kind of cellular and non- 
cellular infiltrations found within and be- 
tween lobules. Histologic evaluation of this 
sort followed by correlation of the biopsy 
sections with clinical and chemical findings 
resulted in the establishment of the follow- 
ing concept for evaluation and correlation: 

Dietary . Toxic Agent 

Insufficiency (Infectious or Chemical) 

_ Hepatocellular , Phagocytic 
Damage Infiltration 

Enzymes or other agents produced by 
damaged liver cells and/or phagocytes re- 
sult in fibroblastic proliferation. 

Interpretation of liver sections, then, may 
be based upon the following criteria: (1) 
Cellular infiltration (round cells and other 
phagocytes) constitutes an index of activity, 
usually correlated with the cephalin cho- 
lesterol flocculation and other similar tests 
and at times with the serum bilirubin level. 
(2) Hepatocellular change, as manifested 
by aberration in size and shape of liver cells, 
by widespread multinucleation and by ab- 


normal staining characteristics, is an index 
of activity and of extent and severity of the 
hepatotoxic process. Chemically, it is usually 
correlated with elevation of serum bilirubin, 
with bromsulfalein . retention and with 
decreased hepatic glycogen storage. (3) 
Fibrosis is an index of duration and extent 
of over-all liver damage. It may be corre- 
lated with bromsulfalein and glycogen 
storage changes but in the presence of 
otherwise normal hepatic parenchyma may 
be compatible with normal chemistry. 

The obvious defect in such an approac i 
is its superficiality; its virtue lies in the 
avoidance of controversial material. That 
it represents only a transitional phase in the 
concept of the subject is apparent. 

Laboratory Methods. All liver function 
tests and other chemical procedures have 
been performed by generally accepted an 
proven procedures. 6-21 The Howe sodium 
sulfate precipitation has been used or 
globulin precipitation; it is recognized t lat 
this may at times give misleading infoima 
tion in patients with liver disease but ot er 
methods (electrophoresis excepted) are not 
yet adequately standardized. Bromsulfa ein 
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Fig. 2. Case i. a and b, chemical and histologic findings; 
diagnosis: hepatitis, acute. 


colorimetry was performed with the Beck- 
man spectrophotometer. 

FINDINGS 

Case i. Acute Liver Damage. H. A. U., No. 
153350, a male, aged thirty-two, had been ill 
for five weeks at the time of admission. The 
onset of his disease was quite typical of acute 
hepatitis, consisting of a history of malaise 
followed by the appearance of dark urine, 
nausea, vomiting, fever and clinical jaundice. 

On admission his findings were: nutrition — 
fait , scleral icterus — 3+ ; liver size — 7 cm. in the 
anterior axillary line; splenomegaly — none; 
venous dilation— none; spider angiomas — none; 
ascites none; dependent edema — none; gross 
'itamin deficiency — minimal; gynecomastia — 
none; appetite — poor; fetor hepaticus — none. 

c represented, then, a patient with a typical 
mal hepatitis of more than average severity, 
march, 1949 


showing at the time of admission no tendency to 
spontaneous resolution. 

Biopsy obtained eight days after admission 
showed: (1) three plus round cell infiltration 
involving not only the periportal area but all 
peripheral portions of the lobule; (2) one plus 
increase in fibroblasts in the portal region; 
(3) widening of the bile capillaries; (4) the 
presence of bile thrombi; (5) abnormalities of 
size, shape and staining quality of the liver cells. 

Chemical findings at the time of the initial 
biopsy included: cephalin cholesterol floccula- 
tion, sedimentation rate and prothrombin time 
— all abnormal immediately preceding the 
biopsy; thymol turbidity — normal, later be- 
coming abnormal. Strangely enough, both sedi- 
mentation rate and cephalin cholesterol floccu- 
lation were normal on admission despite the 
five-week duration of the disease. For this we 
have no explanation. Hepatic glycogen storage 
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was markedly diminished; bromsulfalein re- 
moval, diminished; and icterus index, 3 + 
elevated. 

EVALUATION : 

1. Activity 

Histology — marked cellular infiltra- 
tion — hence marked activity 

Chemistry — cephalin flocculation and 
sedimentation rates abnormal 

Correlation — good 

2. Extent and Duration 

Histology — fibroblastic proliferation — 
not marked; hepatocellular change 
— marked 

Chemistry — Bromsulfalein removal — 
diminished; glycogen storage — 
markedly diminished 

INTERPRETATION : 

Histology — widespread active process of 
recent onset 

Chemistry — widespread active process, du- 
ration unknown 

Correlation — good 

This man was admitted at the same time as 
Case n {vide infra). Both were placed on a 
balance study regimen in which they received 
the equivalent of 115 Gm. of protein as casein 
hydrolysate intravenously in addition to other 
essential dietary constituents. On this program 
the patient improved clinically and chemically 
and his liver receded under the costal margin 
within two weeks so that a second section was 
not obtained. The rapid resolution under ade- 
quate therapy would suggest a relatively recent 
process and hence would make for even better 
correlation. The histologic and chemical find- 
ings are shown in Figure 2. 

Case ii. J. O. N., No. 153359, a male, aged 
twenty, had been ill for three weeks at the time 
of admission. His past history was possibly of 
significance inasmuch as he had had an attack 
of jaundice some years previously and had 
recently had a chancre for which he had been 
treated with arsenic, bismuth and penicillin. 

The onset of his present illness was classical 
for viral hepatitis. With the exception of a 
somewhat more intense icterus, higher fever 
and more marked hepatomegaly, his pertinent 
clinical findings on admission were identical 
with those in Case 1 . Their general clinical 
similarity and the severity of the disease process 
caused us to select them for a balance study 
which will be described elsewhere. 


Liver biopsy was obtained immediately 
following admission and again seven weeks 
later. These biopsies showed: (1) intense round 
ceil infiltration, less apparent in the seven-week 
biopsy but still definitely present; (2) fibrosis of 
sufficient degree to make the -concept of pre- 
existing liver damage mandatory; (3) widening 
of bile capillaries; (4) the presence of bile 
thrombi; and (5) extreme alterations of normal 
hepatocellular structure, namely, abnormal 
staining characteristics, multinucleation and 
gross variation in cell architecture. The seven- 
week biopsy showed essential disappearance of 
(3), (4) and (5) but persistence of (1) and (2). 

At the time of the first biopsy all tests were 
abnormal chemically with the exception of 
thymol turbidity. Seven weeks later (third 
biopsy) the bromsulfalein and glycogen storage 
tests had reverted to normal as had also the 
cephalin cholesterol flocculation. The sedi- 
mentation rate continued high although less so, 
and the thymol turbidity had become abnormal. 
The histologic and chemical findings are shown 
in Figure 3. 

evaluation: 

1 . Activity 

Histology' — round cell infiltration 
throughout, as well as major he- 
patocellular abnormality 

Chemistry — all tests initially abnor- 
mal; at the time of the seven-week 
biopsy' the thymol turbidity test 
and the sedimentation rate were the 
only remaining abnormal chemical 
findings 

Correlation — good, if one uses both 
cephalin cholesterol flocculation and 
thymol turbidity. The cephalin 
cholesterol flocculation alone would 
be misleading as an index of 
activity in late convalescence {vide 
infra) 

2. Extent and Duration 

Histology' — initial, (Bl) fibroblastic pro- 
liferation 2 +, hepatocellular change 
3 + : final, (B2) fibroblastic prolifer- 
ation 2+; hepatocellular change, 
nearly normal 

Chemistry — bromsulfalein and gly C0 ‘ 
gen storage, both initially abnor- 
mal, had reverted to normal limits 
at the time of the seven-week 
biopsy 
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Fig. 3. Case n. a and b, chemical and histologic findings; diagnosis; 
hepatitis, acute; (Bl) initial biopsy; (B2) final biopsy. 


interpretation: 

Histology — widespread severe, acute proc- 
ess, superimposed upon pre-existing liver 
damage 

Chemistry — widespread, active process, du- 
ration unknown 

Correlation — good 

This man’s further progress was satisfactory 
a nd he was subsequently discharged from the 
hospital clinically and chemically well but 
"ith a liver undoubtedly badly scarred and 
probably vulnerable to exposure to noxious 
agents. 

Case iii. W. I. N., No. 153579, a male, aged 
twenty-six, was admitted with a history of a 
typical onset of acute viral hepatitis two months 
previously. He had been on a partial regimen 
o bed rest elsewhere before admission to this 
hospital. On admission here he still had moder- 
ate clinical icterus which had almost disappeared 
at the time of the first biopsy two weeks later. 
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Except for hepatomegaly, moderate anorexia 
and some weakness, he was free of symptoms and 
signs at the time of the first biopsy. At the time 
of the second biopsy three weeks later he showed 
steady clinical improvement and decreasing 
hepatomegaly. 

The histologic findings were: initial, (Bl) 
round cell infiltration 2 + ; hepatocellular 
changes, minimal; fibrosis 1+; three weeks 
later, (B2) almost normal liver architecture. 

The chemical findings at the time of initial 
biopsy were: cephalin cholesterol flocculation, 
normal; thymol turbidity and sedimentation 
rate, moderately abnormal; bromsulfalein, nor- 
mal; and glycogen storage, moderately de- 
creased; at the time of second biopsy, all findings 
were normal except the glycogen storage test. 
The histological and chemical findings are 
shown in Figure 4. 

As in Case n the best correlation in terms of 
acuteness is noted between the thymol turbidity 
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Fig. 4. Case in. a and b, chemical and histologic findings in patient W.I.N.; 
diagnosis: hepatitis, acute. (Bl) initial biopsy; (B2) final biopsy. 


and the round cell infiltration. The normal 
cephalin cholesterol flocculation is probably 
referable to the length of time elapsing since the 
onset of the disease. 

The abnormal glycogen storage is not corre- 
lated with any demonstrable histologic ab- 
normality in the second biopsy section. That 
this man had significant hepatomegaly long 
after all other liver function tests had become 
normal, and that his glycogen storage did 
eventually reach normal levels at about the 
time his hepatomegaly disappeared are of 
interest. 

The general correlation was fair. His subse- 
quent course was eventually that of thorough 
convalescence, namely, about seven months 
after the onset of the disease. 


Case iv. Hepatitis, Chronic. C. U. 

149147, a male, aged twenty-six, was admitte 
for study approximately six months after t ie 
onset of an attack of acute hepatitis whic a a 
apparently been quite severe. Clinical jaun > cc 
was said to have persisted for four mont is. 
Spider angiomas appeared five weeks after t ic 
onset of the disease and were present throug iou 
his period of observation in this hospita • c 
gave a history of jaundice ten years previous )'• 
On admission, his findings were; genera^ 
nutrition — fair-poor; scleral icterus 4+> l 'j C _ 
size (AAL) — 4 cm., quite hard; spleen — » 
venous dilation — 0; spider angiomas 2+ , aS ^ 
cites — 0; dependent edema — 0; “B” deficient:) 
— moderately red tongue; appetite- poor, g> 
necomastia — 0; “fetor” — present. 
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Fig. 5. Case iv. a and b, chemical and histologic findings in patient C.U.M.; 
diagnosis: hepatitis, chronic (viral). 


Biopsy was performed on several occasions 
but was productive of only one good specimen, 
perhaps because of widespread fibrosis. The 
section shown was obtained just before the 
beginning of the chemical study. (Fig. 5.) The 
findings were (1) cellular infiltration, 1 + ; (2) 
fibrosis, 1 + ; and (3) hepatocellular abnormality, 
2 +. 

The chemical findings were: cephalin cho- 
lesterol flocculation, abnormal throughout; 
thymol turbidity, abnormal during most of 
study; sedimentation rate, normal; glycogen 
storage, decreased; bromsulfalein, normal at 
time of biopsy, intermittently abnormal there- 
after, over many months. 

interpretation: 

Histology — hepatocellular abnormality was 
the most striking feature in the section 
obtained; it is highly probable that this 
man has a much greater degree of gen- 
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eralized replacement fibrosis than is 
shown in this section, however 
Chemistry — the continued abnormality of 
the cephalin cholesterol flocculation and 
glycogen storage are compatible with a 
concept of continued activity and with 
a process which is widespread in its 
involvement 

Correlation — fair, in spite of the lack of 
much cellular infiltration; continuing 
low grade hepatocellular damage from 
some toxin, insufficient at this state to ex- 
cite a marked phagocytic response would 
appear to be a reasonable explanation 
Progress — at this writing, eight months after 
admission and fourteen months after the 
onset of this disease, he is still abnormal 
clinically, chemically and histologically, 
despite rest, diet and lipotropic agents 

Chronic Liver Damage. Five patients arc 
presented under this heading. These five 
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Fig. 6. Case v. a and b, chemical and histologic findings in patient B.E.A.; 
diagnosis: “cirrhosis”; (Bl) initial biopsy; (B2) final biopsy. 


are perhaps “representative” of the entire 
group of “cirrhotics” who have come to us 
for study and treatment. All five have one 
factor in common — chronic alcoholism. All 
have been “spree drinkers” and hence have 
undoubtedly had periods of significant 
dietary insufficiency. All had ascites on 
admission. All but one on “adequate” 
therapy lost his ascites in a relatively short 
period "of time. All but one has been or will 
be discharged in reasonably good clinical 
condition. 

Case v. B. E. A., No. S47-509, forty-three 
year old, heavy set male, was admitted in near 
coma, deeply jaundiced, dyspneic and edem- 
atous. Aside from his alcoholism extending 
over a twenty-year period, he has had rheumatic 
fever with cardiac damage, a previous attack of 


jaundice fourteen years ago and lues in 
treated with arsenic and bismuth. Acute 
alcoholism probably precipitated his piescn 
episode. 

Examination showed: general nutrition 
fair; scleral icterus — 3+; liver size (AAL) 
cm., hard; spleen — just palpable; venous, 
tion — plus 1 ; spider angiomas 1 + ascites 
plus 1; dependent edema — 2 + ; “B” deficienc) 
2+; appetite — very poor on admission; gyneco 
mastia — none; fetor — present. 

Biopsy was performed the day following a 
mission (Bl) and again twenty-six days later, 
(B2) at which time his liver extended only 2 
3 cm. below the rib margin and he was clinica > 
symptom-free. Therapy during this perio 13 
consisted of high protein intake, digitalis an 
lipotropic agents. Histologic and chemical n 
ings are shown in Figure 6. 
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The histological evaluation initially, in line 
with the proposed scheme for evaluation, was: 
(1) round cell infiltration — 3+, hence marked 
activity; (2) fibrosis — 3+, hence widespread, 
pre-existing damage; (3) hepatocellular change 
— 3+, hence a widespread, active lesion; (4) 
fatty infiltration — 3 + ; in view of the variety of 
physiologic processes which can produce this 
picture, its significance is by no means clear 
( vide infra). Finally, the rapid reversion toward 
the normal in less than four weeks was most 
striking. Only fibrosis, slight phagocytic cell and 
moderate fatty infiltration remained. 

Chemically the picture was that of abnor- 
mality of all liver function tests studied, all 
reverting to normal in the space of three weeks. 
Correlation was excellent. 

The rate of improvement in this man must 
represent a liver still possessing marked re- 
generative capacity, despite the histologic evi- 
dence of widespread fibrosis. The patient was 
discharged essentially clinically and chemically 
well about four and one-half months after 
admission. We understand that he died some 
weeks later in acute congestive failure in the 
course of another alcoholic debauch. 

The last four men to be described have 
more factors in common than at variance. 
To avoid tiresome repetition, we shall pre- 
sent a composite picture of the four and then 
stress the factors of fundamental importance 
to this study in which they differ. 

The common factors were: (1) age — all 
but one (W. R. I. — aged thirty-five) were 
between forty and fifty years of age; (2) 
alcoholism of more than fifteen years’ dura- 
tion; (3) ascites — present in all on admis- 
sion; all but one (D. R. E.) had lost his ascites 
on standard therapy prior to the beginning 
of this study; (4) hepatomegaly — moderate 
to marked. 

Case vi. D. R.,E., No. 139977. A clinical 
description of this man must with any propriety 
include a brief mention of his personal charac- 
teristics. We found him over a period of eighteen 
months to be everything an ex-chronic alcoholic 
should not be — lovable, dependable, a booster 
to the morale of the entire ward. 

On entry he possessed a huge bulging belly 
"hich, superimposed on his long, gangling 
frame, produced a somewhat Puckish impres- 
sion. At one time or another he received every 
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therapeutic agent which has been proven or 
suspected to be of value in cirrhosis, with little 
effect. During the last five months of his life (he 
finally died from a ruptured esophageal varix) 
he probably received more serum albumin than 
anyone in history. Despite its failure to do more 
than delay the inevitable, we count each cubic 
centimeter well spent. He is described in con- 
siderable detail in a paper dealing with protein 
balance studies. Since he was our first biopsy 
patient and has just left us as this paper nears 
completion, we wish to erect a small verbal 
monument to a friend. 

The clinical findings, in addition to those 
already described, showed splenomegaly — 2 + ; 
peripheral varicosities — 3+; dependent edema 
— 1-3+; fetor — 3+ and spiders — 3-j-. 

His liver edge and surface were grossly 
irregular, hard and retracted from the ab- 
dominal wall, making biopsy difficult and 
potentially hazardous. One biopsy was obtained 
three months before the intensive chemical study 
was begun. A later biopsy attempt was unsuc- 
cessful. The histologic and chemical findings are 
shown in Figure 7. 

The histologic section was obtained three 
months before the intensive chemical study was 
begun. On the basis of autopsy findings it is 
undoubtedly representative of the patient’s 
hepatic histology at any time during the study. 
The findings were: (1) round cell infiltration — 
3+, hence marked activity; (2) fibrosis — 4 + , 
hence long duration and widespread involve- 
ment; (3) hepatocellular change — 3+, hence 
generalized, active involvement. 

At no time in the chemical study was any 
liver function test, except the prothrombin time, 
even close to normal. The histochemical correla- 
tion then, in our crude sense, may be said to be 
excellent. 

Case vii. D. A. N., No. 15447. Together 
with the other two men still to be described, 
this patient is representative of patients with 
severe liver disease, progressing over many 
years but still reversible, at least to a degree 
compatible with iairly normal activity. 

Clinically, he showed every textbook finding 
of advanced cirrhosis, including considerable 
splenomegaly. Two months after admission he 
was free of ascites and dependent edema. On his 
departure some months later, precipitated 
(against advice) by domestic difficulties, he was 
clinically vastly improved with almost no re- 
maining hepatomegaly although chemically 
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Fig. 7. Case vi. a and b, chemical and histologic findings in patient D.R.E.; 
diagnosis: “cirrhosis.” 

still far from well. His letters inform us that he 
has steered completely clear of alcohol and is 
doing a full days’ work with no difficulty. The 
histologic and chemical findings are shown in 
Figure 8. 

Biopsies obtained early in the study (but after 
the disappearance of ascites) (Bl) and again a 
month later (B2) showed little change. Activity: 

Moderate phagocytic cell infiltration; consider- 
able hepatocellular change. The tremendous 
amount of fibrosis with choking off of tiny 
islands of distorted liver cells speak for the 
widespread damage of long duration. 

At no time during the four-month period of 
intensive chemical study were any normal liver 
function tests noted, either those which are 
related to activity or those which are indicative 
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of widespread damage although the glycogen 
storage test became less abnormal. 

We do not know what the prognosis in terms 
of life expectancy may be in this man. He is 
returning to us in the near future for a brie 
check of his chemical panel. If the findings have 
reverted to normal his outlook should be goo , 
if he still shows evidence of continued activit) , 
our prognostic outlook will veer in a pessimistic 
direction. If he has reverted to normal on a 
program of full activity, we shall question t i c 
soundness of the concept of the need for p>° 
longed bed rest in convalescent but not quiescent 
“cirrhotics.”* 

Case viii. P. A. R., No. 151189, a male, m 

* Chemical re-evaluation nine months after discharge 
showed improvement in all tests. 
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Fig. 8. Case vh. a and b, chemical and histologic findings in patient D.A.N.; 
diagnosis: “cirrhosis”; (Bl) and (B2) are biopsies one month apart. 


addition to chronic ethanol addiction had lues 
some twenty odd years previously and was 
treated with fairly large amounts of arsenic and 
heavy metals without incident. His general 
clinical status was essentially identical on 
admission with that of Case vn. His chemical 
response to therapy was even better than that 
of D. A. N., despite occasional alcohol imbibition. 
The histologic and chemical findings are shown 
in Figure 9. 

Widespread fibrosis was apparent in both 
sections. The second section, obtained six to 
seven weeks after the first during which time 
impressive clinical improvement had occurred, 
showed less phagocytic cell infiltration and more 
nor tnal appearing liver cells. The evaluation 
was: widespread chronic liver damage (fibrosis) 
march, 1949 


and decreasing activity of the hcpatotoxic 
process. 

The continued abnormality of all liver func- 
tion tests for a four-month period followed by a 
gradual decline of the bromsulfalein and glyco- 
gen storage test toward normal is the most 
impressive part of the picture. Resumption of 
alcohol abuse occurred in the latter part of the 
study for a considerable time; this may have 
accounted for the continued abnormality of the 
cephalin cholesterol flocculation test. 

The interpretation was an hcpatotoxic process, 
widespread in extent, but of decreasing intensity; 
correlation (histology and chemistry’) fair. The 
histology’ fails to account for the continued 
abnormal cephalin cholesterol flocculation. 

Case ix. W. R. I., No. 150443, a male, is 
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Fig. 9. Case vm. a and n, histologic and chemical findings in patient P.A.R.: 
diagnosis: “cirrhosis”; (Bl) and (B2) are biopsies six weeks apart. 


noteworthy only in that, in contrast to the 
majority of patients studied, he showed com- 
plete lack of correlation between histology and 
chemistry. Clinically, he was the youngest of all 
cirrhotics included in this report (thirty-five 
years), showed the best nutrition, and minimal 
ascites. The histologic and chemical findings 
are shown in Figure 10. 

Histologically, there was marked fibrosis, 
round cell infiltration, some in connective tissue, 
but not in parenchyma and slight hepatocellular 
change. The impression was that of moderate 
activity in the presence of widespread liver 
damage of prolonged duration. 

There were normal findings throughout 
chemically except for transient decrease in glyco- 


gen storage following an alcoholic debauch. 
Obviously the chemical findings would be com- 
patible with the concept of a normal liver. 
Correlation was very bad; for this we have no 
explanation at the present time. 

This man became quite normal clinically m 
the space of two to three months. Even tie 
alcoholic episode (which occurred while he was 
on leave) did not cause his liver to become 
palpable again. 

Consideration of hepatic structure and 
function, together or singly, could exten 
interminably. We shall confine ourselves to 
a few comments on certain points raised t> 
this work. 
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Fig. 10. Case ix. a and b, chemical and histologic findings in patient W.R.I.; 
diagnosis: “cirrhosis.” 


CLASSIFICATION OF HEPATIC DISEASE 
Chronic Liver Damage. Retention of the 
term “cirrhosis” in any evaluation of the 
pathology or physiology of the liver would 
seem to have little to recommend it. 
Laenncc first used the term in 1826 to 
describe the color of the liver in autopsy 
specimens characterized by extensive fibrosis 
*md distortion. 22 The later addition to 
medical nomenclature of the term “hyper- 
trophic biliary cirrhosis” to identify an 
alleged entity supposedly separate and dis- 
tinct from Laennec’s “atrophic portal 
cii rhosis has served only to confuse genera- 
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tions of medical students and practitioners. 
It would seem to us probable that many 
concepts of the pathogenesis, pathology and 
pathologic physiology of liver disease will 
rise and fall before the final correct answer 
emerges. 

As one step in this evolutionary process 
the following may be in order: (1) complete 
and permanent abandonment of the term 
“cirrhosis” except in a historical sense; 
(2) complete abandonment of the concept 
of “portal” and “biliary” forms of liver 
disease in the time-honored sense; fibrosis, 
“biliary^ obstruction” and hepatocellular 
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damage are present in all cases; (3) reclassi- 
fication on a simple, essentially Unitarian 
basis, perhaps somewhat after the fashion 
previously noted; in any event, a classifica- 
tion which includes the concept of: 

A toxin , endogenous or exogenous, acting upon 
hepatic cells made vulnerable by specific nutri- 
tional deficiency resulting in hepatocellular damage 
with consequent fibrosis of greater or lesser degree. 

The rapidity of progression of the damage, 
its duration and the amount of fibroblastic 
proliferation would depend on the amount 
and nature of the toxin and the extent, 
duration and nature of the underlying 
nutritional deficiency. 

The foregoing concept is based upon a 
rather vast amount of experimental data 
originating in many laboratories and ex- 
tending back over a period of fifteen years, 
and upon the observations of Patek in 1937 
and 194 1 23 ’ 24 and of Connor in 1939 25 
relating to the role of nutritional deficiency 
in the production of human liver damage. 
Essentially this concept has formed the 
basis for the rather remarkably successful 
therapy now in use in the treatment of 
patients with liver disease. 

Acute Hepatitis. The term “acute hepati- 
tis” is probably both accurate and desirable. 
Just how variations in the nature of the 
toxic agent may determine differences in 
the type of inflammatory reaction, and 
hence differences in the ultimate histologic 
picture in the liver, still remains to be 
shown. Moon adequately summarizes the 
literature in this field. 26 Also to be demon- 
strated is the role of preceding nutritional 
deficiency in the production of hepatitis. 

Perhaps the final logical nomenclature 
of liver disease will consist of acute, chronic 
and healed hepatitis with a modifying 
adjective referable to the specific etiologic 
agent. 

Fatty Liver. In a previous paper 27 we 
have summarized some of the evidence in 
the. literature relative to the production of 
fatty livers and of “cirrhotic” livers in 
animals by dietary means. 

Of the patients whom we have presented in 
this series only one had a significant amount 


of fat in the liver parenchyma. Had biopsies 
been obtained before the institution of 
therapy in some of the other men it is quite 
probable that fatty infiltration would have 
been found. However that may be, it is 
apparent in this group that severe hepatic 
parenchymal damage can be present and 
can progress in the absence of any demon- 
strable fat deposition. 

Conversely, we do not believe that the 
disappearance of liver fat concurrently with 
clinical and chemical improvement in such 
a patient as Case v (Fig. 6) of necessity 
establishes any significant relationship be- 
tween liver fat and liver damage. Work 
currently' underway in a number of labora- 
tories may' help to further clarify this 
relationship. 

LIVER FUNCTION 

The search for better tests of liver function 
still continues in many' laboratories and 
clinics. For purposes of correlation with 
structural alteration we have placed the 
greatest stress on the cephalin-cholesterol 
flocculation, the bromsulfalein removal, the 
serum bilirubin and measurement of hepatic 
gly'cogen storage. 28 This choice is perhaps 
open to criticism. The inclusion of the 
thymol turbidity test is probably' desirable. 
It can be said, however, that statistically all 
four tests show an impressive correlation 
with the clinical and histologic course of 
acute and chronic liver disease. That com- 
plete lack of correlation with the clinical oi 
histologic findings can occur is well repic- 
sented in Case ix. (Fig. 10.) 

ROLE OF LIVER BIOPSY 

In our opinion, the role of liver biopsy 
may be summarized in a very few words. 
(1) As a research tool it is justified anc 
valuable. A vast amount of work remains 
to be done in the evaluation of sped c 
hepatocellular changes. It can serve (2) as a 
diagnostic tool, when clinical, chemical an 
roentgenologic findings still leave one m 
doubt; this applies particularly in the di 
ferential diagnosis between non-speci c 
liver damage and tumor. The inability to 
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be sure that the section obtained is repre- 
sentative of the entire organ is an obvious 
and serious limitation of the procedure. 
Moreover, a blind approach to a highly 
vascular, bile secreting, intraperitoneal or- 
gan can never be devoid of risk. 

SUMMARY 

From study of liver biopsy sections and 
chemical liver function tests one can only 
hope for present purposes to obtain rather 
gross information as to the activity of the 
process which has resulted or is resulting in 
liver damage, and information as to the 
extent and duration of the process. 

Activity is correlated histologically with 
phagocytic cell infiltration and with hepato- 
cellular change as manifested by widespread 
multinucleation, abnormalities of cell shape 
and size, and abnormalities of staining 
characteristics. The chemical abnormalities 
which indicate activity are the cephalin 
cholesterol flocculation and thymol tur- 
bidity tests as well as elevation of the serum 
bilirubin and/or icterus index. 

Extent and duration of the hepatotoxic 
process are manifested histologically by 
hepatocellular change and by fibrosis. The 
chemical changes which are found in liver 
damage of widespread extent and/or long 
duration are abnormal bromsulfalein reten- 
tion, diminished hepatic glycogen storage 
and elevation of the serum bilirubin and/or 
icterus index. 

It is to be emphasized that the above 
observations are extremely superficial and 
have nothing to recommend them but their 
simplicity. 

From the foregoing it is evident that our 
knowledge of liver histology and physiology 
is in need of many additions; and that when 
such additional knowledge is obtained, 
revision of the present archaic classification 
of liver disease will be in order. An approach 
to such a reclassification is presented. 
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T he wartime antimalarial drug re- 
search program disclosed a number 
of highly active compounds of the 
4-amino-quinoline series. It seemed logical 
to determine whether their antiplasmodial 
activity extended to other pathogenic proto- 
zoa. The infection selected for study was 
that with Endameba histolytica because 
of its relative prevalence among protozoal 
infections in the New York area. Further- 
more, although the value of iodohydroxy- 
quinoline derivatives in the management of 
intestinal amebiasis had been well estab- 
lished, it had not been defermined whether 
iodine was an essential substituent of the 
quinoline nucleus for antiamebic activity. 

Of the various 4-amino-quinoline deriva- 
tives tested for antimalarial activity the 
greatest amount of information was avail- 
able concerning chloroquine, 1,2 7-chloro-4- 
(4-diethylamino-l-methylbutylamino) quin- 
oline, which had proven one of the more 
active and less toxic members of the series. 


CHs 


NH — CH — (CH 2 ) 3 — N< 


/Cobh 


''CoH, 



W 

Chloroquine. 7-ciiloro-4(4-diethyIamino- 
1-mcthylbutylamino) quinoline 


Certain pharmacologic characteristics of 
this compound made it appear a priori that 
amebic infections of the liver rather than 
of the colon would be the test object of 


choice. These properties of chloroquine 
include: (1) its extensive localization in the 
liver (some five hundred times its plasma 
concentration) occurring in many animal 
species and presumably man, 2 (2) a three- 
to fourfold lesser degree of localization 


Table i 

amebacidai. activity of various drugs in vitro 
AGAINST TROPHOZOITES OF E. HISTOLYTICA 


Drug 

j Dilutions of Drugs 

Medium 

1/500 

1 /2000 

1/10,000 

o 

o 

o 

o' 

UD 

Emetine 

0 

0 

0 

+ 

Egg 


0 

0 

0 

0 

Liver 

Chloroquine 

0 

0 

+ 

4- 

Egg 


0 

0 1 

0 

0 

Liver 

Carbarsone 

0 

+ 

+ 

+ 

Egg 


0 

0 

+ 

+ 

Liver 

Anayodin 

0 

+ 

+ 

+ 

Egg 


0 

± 

+ 

+ 

Liver 


+ = Growth. 

0 = No growth. 


within the intestinal walls, 3 and (3) its 
almost complete absorption from the gastro- 
intestinal tract, 2 only some 8 per cent of the 
daily dose being excreted in the feces, so 
that the contents of the intestinal lumen, 
especially the colon, contain a rather small 
drug concentration. 

In vitro studies with trophozoites of 
Endameba histolytica (Table i) conducted 
by Dr. Harold W. Brown revealed that 
chloroquine has amebacidai activity supc- 


k rom the Department of Medicine of the College of Physicians and Surgeons, Columbia University, and the 
I resbyterian Hospital, New York, N. Y. An abstract of part of this paper was published in The Bull. .Vnr Tori: Acad. 
Ut'i., 24:545. 194S. 
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rior to that of anayodin and carbarsone but 
less than that of emetine. Employing a 
different strain of E. histolytica, Dennis 4 
found comparable in vitro antiamebic ac- 
tivity of chloroquine. It must be empha- 
sized, however, that extrapolation of in 


Table ii 

RESULTS OF CHLOROQUINE TREATMENT OF AMEBIASIS 



No. Treated 

No. Cured 


32 

17 

Hepatic 

22 

1 

22 

i 


vitro results to therapeutic activity in 
human disease may be wholly fallacious. 
Dennis was unable to demonstrate any 
activity of chloroquine against natural 
Endameba criceti infections in hamsters. 

RESULTS 

A preliminary publication 5 has indicated 
that chloroquine does possess antiamebic 
activity in human infections of the liver 
and colon. So far as intestinal amebiasis is 
concerned, chloroquine alone has effected 
symptomatic and parasitologic cure in 
seventeen of thirty-two cases with follow-up 
periods of from two to twenty-four months. 
In regard to hepatic amebiasis the author 
has now studied seven patients with amebic 
hepatitis, each of whom was successfully 
treated with chloroquine. Shookhoff 6 has 
confirmed these results in a series of twelve 
cases of amebic hepatitis. Sodeman r has had 
comparable results in two cases of acute 
amebic hepatitis. Murgatroyd 8,9 has re- 
ported the cure of a draining amebic abscess 
of the liver with chloroquine. Thus twenty- 
two patients with hepatic amebiasis have 
now been cured with chloroquine. 

The purpose of this publication is to 
present detailed information concerning 
the author’s seven cases and of Murga- 
troyd’s case which is most informative. 

PLAN OF TREATMENT 

Oral dosage regimens for testing chloro- 
quine in human amebiasis were devised 


with the idea of administering close to the 
minimal toxic dosage for a period of two to 
three weeks in order to allow the drug the 
maximum opportunity for demonstrating 
in vivo antiamebic activity; this resulted in 
giving, in most instances, a priming or 
loading dose of 0.6 Gm. of the base for two 
days in order to saturate the tissues. Plasma 
and tissue concentrations were then main- 
tained by continuing with a dose of 0.3 Gm. 
of the base daily for two to three weeks.* 
Determinations of plasma drug concentra- 
tions were not performed in the present 
study but earlier observations 2 indicate that 
they would approximate 176 micrograms 
per liter. 

CASE REPORTS 

Case i. P. H., No. 845126. A fifty-eight-year 
old white male who had been in China between 
1943 and 1945 entered the Presbyterian Hos- 
pital in October, 1946. During the eleven weeks 
prior to admission he had been bothered by two 
to five loose stools a day associated with crampy, 
low abdominal pains before and during defeca- 
tion. He entered the hospital not for this but 
for an eye operation, following which he de- 
veloped chills and fever to 104°f. with enlarge- 
ment and tenderness of the liver accompanied 
by a leukocytosis of 20,000. X-ray revealed 
elevation of the right diaphragm and a small 
right pleural effusion. The cephalin-cholestero! 
flocculation test was negative. Following demon- 
stration of Endameba histolytica in the feces the 
patient was treated with emetine parenterally, 
60 mg. a day for a total of 780 mg., and with 
chiniofon orally, 3.0 Gm. a day to a total dose 
of 60.0 Gm. This regimen produced a favorable 
but only partial effect in that, after a month of 
treatment, although no amebas could be found 
in the feces, the patient still had a low grade 
fever up to 101°f., anorexia, nausea and en- 
largement and tenderness of the liver. At this 

* While the dose of chloroquine has been expressed 
in terms of the base or active chemical agent, the sa t 
actually used in this study was the diphosphate: 0.15 m ' 
of chloroquine base is contained in 0.25 Gm. of ch or o 
quine diphosphate. In terms of the salt then, the dosage 
schedule employed is 1.0 Gm. of chloroquine dip > 05 
phate daily for two days, followed by 0.5 Gm. of chloro 
quine diphosphate daily for two to three weeks. Chloro 
quine diphosphate is sold under the name of Ara cn 
diphosphate (Winthrop-Stearns Inc.). 
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point chloroquine was administered in doses of 
0.3 Gm. of the base for thirty-one days. Within 
a week all symptoms disappeared, the appetite 
improved followed by a gain in weight and the 
liver became neither obviously enlarged nor 
tender. It must be mentioned that during the 
first week of treatment the patient complained 
of nausea about one hour after each dose of 
chloroquine. The nausea, however, disappeared 
despite continued medication. The patient has 
remained well for the succeeding twenty-four 
months. 

Case ii. P. H. 852316. A sixty-one-year 
old male came to the Presbyterian Hospital 
from El Salvador in December, 1946, com- 
plaining of “colitis” of ten years’ duration 
manifested by upper abdominal cramps and 
two to three loose stools a day, a continuous dull 
pain in the right upper quadrant of eight 
months’ duration, and for the past six months 
weakness, anorexia and weight loss. Physical 
examination revealed a tender liver, which was 
enlarged to two to three finger-breadths below 
the right costal margin, and left lower quadrant 
tenderness. Complete blood count, urinalysis 
and Kline test were normal. The cephalin-cho- 
lesterol flocculation test was negative. Serum 
alkaline phosphatase was 3.3 Bodansky units 
per cent (B. U. per cent). At thirty minutes there 
was 15 per cent bromsulfalein (BSP) retention. 
Cysts and trophozoites of Endameba histolytica 
were found in the stools. Barium enema re- 
vealed evidence of inflammation in the descend- 
ing and sigmoid colon. A gastrointestinal series 
was interpreted as showing gastroduodenitis. 
Ihe cholecystogram was normal. Chloroquine 
was administered in doses of 0.6 Gm. of the base 
daily for two days followed by 0.3 Gm. of the 
base daily for twelve days. On the second day 
of treatment neither enlargement nor tenderness 
of the liver could be demonstrated. On the last 
day of treatment anorexia, nausea and vomiting 
occurred. This was thought to be due perhaps 
to the gastroduodenitis rather than to chloro- 
quine since all symptoms promptly cleared 
following administration of alkali. After treat- 
ment four stools were negative for amebas, the 
BSP test showed only 7 per cent retention and 
all symptoms had disappeared. The follow-up 
period is only one and one-half months because 
at this time the patient returned to El Salvador 
and has not been heard from since. 

Case hi. P. H. No. 862925. A fifty-thrcc- 
>ear old white male who had never left the 


United States entered the Presbyterian Hospital 
in March, 1947. The previous medical history 
included an appendectomy in 1909, typhoid 
fever in 1911, an undiagnosed illness in 1943 
quite similar to the present illness, and a duo- 
denal ulcer with symptoms in 1 944 but not since 
then. Abdominal cramps, diarrhea and con- 
stipation were denied. The present illness was 
of two to three weeks’ duration and consisted 
of persistent high fever, occasional shaking chills, 
a constant severe epigastric and right upper 
quadrant pain which radiated to the right 
shoulder, and a 5 pound weight loss. Physical 
examination revealed fever, right upper quad- 
rant tenderness and muscle spasm as well as 
right costovertebral angle percussion tenderness. 
The white blood count was 17,200, erythrocyte 
sedimentation rate (ESR) was 122 mm. at one 
hour, BSP retention at thirty minutes was 12 per 
cent, and the serum alkaline phosphatase was 
elevated to 8.2 B.U. per cent. The cephalin- 
cholesterol flocculation test was negative. The 
hemoglobin concentration, red blood count, 
urinalysis, stool culture, various bacterial ag- 
glutination tests and the Kline test were normal. 
Gastrointestinal series revealed a duodenal 
ulcer. Barium enema showed a deformed con- 
tracted cecum, a patent ileocecal valve and a 
loop of terminal ileum adherent to the cecum. 
Fluoroscopy demonstrated splinting of the right 
diaphragm and a small pleural effusion. Cho- 
lecystogram was normal. Trophozoites of Enda- 
meba histolytica were found in the stools and 
the amebiasis complement fixation test was 
positive (+ ++). At the end of the second 
hospital week, fever and pain had abated some- 
what but were still present, as were the dia- 
phragmatic splinting, pleural effusion, ESR of 
116 mm. at one hour, elevated phosphatase and 
the BSP retention. Chloroquine was then given 
in doses of 0.6 Gm. of the base daily for two days, 
followed by 0.3 Gm. of the base for nineteen 
days. (Fig. 1.) On the fourth day of treatment 
all pain, tenderness and fever had disappeared 
as had the diaphragmatic splinting and pleural 
effusion. As treatment continued the ESR fell 
progressively to 11, the BSP from 12 per cent to 
0 per cent retention and the alkaline phospha- 
tase from 8.2 to 4.4 B.U. per cent. The patient 
regained his appetite, weight and strength. 
During the third week of chloroquine treatment 
the stools, which had become negative, again 
showed amebas which promptly disappeared 
with administration of chiniofon, 2.25 Gm. 
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daily for eleven days. The patient has been well 
for the succeeding twenty-one months during 
which purged stools every two months have 
revealed no ame has, the complement fixation 
test has decreased from + + + to ±, and the 
barium enema reveals marked improvement 
in the cecum. 


1.0 Gm. of carbarsone a day for ten days, the 
latter being concurrent with retention enemes 
containing 8.8 Gm. per cent chiniofon for seven 
nights. This eliminated parasites from the feces 
but had no effect upon the hepatitis. At the 
end of this treatment the liver was still tender 
and enlarged to 6 cm. below the right costal 
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Fig. 1 . Temperature chart in Case in. In this and 
subsequent charts only the maximal daily tempera- 
tures are recorded. 

Case iv. V. H., No. 97395. A twenty-five- 
year old colored male veteran was admitted to 
the Veterans Administration Hospital in the 
Bronx in July, 1947, complaining of chills, fever, 
right upper quadrant pain, cough; anorexia 
and nausea of four days’ duration. During the 
previous seven months several episodes of nausea 
had occurred accompanied by abdominal 
cramps and diarrhea which occasionally had 
been bloody. The only point of importance in 
the past history was a thirteen-week hospitaliza- 
tion period with acute infectious hepatitis while 
in the Philippines. Physical examination re- 
vealed fever and an enlarged, tender liver with 
considerable overlying muscle spasm. Labora- 
tory studies were as follows: blood count normal 
including a negative test for sickling, urinalysis 
negative, cephalin-cholesterol flocculation test 
negative, serum albumin 3.6 Gm. per cent, 
globulin 2.5 Gm. per cent, alkaline phosphatase 
1.6 B.U. per cent and an icterus index of 8. 
There was 5 per cent retention of BSP at forty-five 
minutes. Purged stools showed many tropho- 
zoites of Endameba histolytica. Various bacterial 
agglutination tests and blood cultures were nega- 
tive. The amebiasis complement fixation test 
was + + + + • X-ray of the lungs was normal. 
Barium enema demonstrated considerable in- 
flammation of the terminal ileum, cecum and 
ascending colon. For three and one-half weeks 
the patient received treatment (Fig. 2) for 
intestinal amebiasis consisting of 2.53 Gm. of 
diodoquin orally for ten days followed by 
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margin, a right-sided pleurisy had developed as 
manifested by pleuritic pain and friction rub 
accompanied by radiologic evidence of a small 
pleural effusion. In addition the phosphatase 
had risen from 1.6 to 6.0 B.U. per cent and the 
white blood count from 8,400 to 18,000. At this 
juncture chloroquine was administered in doses 
of 0.6 Gm. of the base daily for two days followed 
by 0.3 Gm. of the base daily for nineteen days. 
On the fourth day of this therapy the liver was 
only 3 cm. below the costal margin and was 
much less tender with no overlying muscle 
spasm. At the same time the white count had 
dropped from 18,000 to 7,500. On the eighth 
day of chloroquine treatment the liver was 
neither palpable nor tender, the phosphatase 
had dropped from 6.0 to 2.6 B.U. and BSP from 
6 per cent retention to no retention in forty-five 
minutes, the patient had regained h is appetite 
and some of his lost weight and the pleurisy ha 
cleared completely. He has been perfectly we 
now for fourteen months. 

Case v. P. H., No. 894190. A twenty-six- 
year old male veteran entered Presbyterian 
Hospital in December, 1947, complaining o 
two months of fever up to 104 °f. with nig it 
sweats and 30 pounds weight loss, as u c as 
three weeks of right upper quadrant pain which 
radiated to the right shoulder. The whole illness 
began in November, 1942, in the midwest before 
the patient ever left the United States. e 
symptoms then were anorexia and nausea. 
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months later weekly bouts of diarrhea and right 
lower quadrant pains began for which an 
appendecomy was performed in April, 1943, 
without relief of the symptoms which continued 
intermittently. Early in 1944 a duodenal ulcer 
was demonstrated by a gastrointestinal x-ray 
but there was only slight relief on an ulcer diet. 
Bloody diarrhea first appeared in May, 1944, 
at which time the patient was hospitalized for 
six months in an army general hospital where 
he was told he had colitis, was treated with 
emetine and discharged from the army in 
November, 1944. Between this time and Novem- 
ber, 1947 the patient suffered from several 
episodes of cramps and diarrhea. On November 
4, 1947, the sudden onset of fever occurred 
which ranged from 102° to 104°f., chilliness, 
sweats, anorexia and profound malaise for 
which the patient received 5,000,000 units of 
penicillin over a six-day period with a diagnosis 
of pneumonia. Following this treatment there 
were two weeks with no symptoms after which 
the fever and nausea recurred but were now 
complicated by severe right upper quadrant 
pain radiating to the back and shoulder. 
Throughout these two months there were no 
cramps or diarrhea. 

Physical examination disclosed fever of 102°f., 
splinting of the right diaphragm and a tender 
liver which extended three finger-breadths be- 
low the costal margin. Blood count revealed 
leukocytosis of 14,000 with a moderate neutro- 
philia and a slightly low hemoglobin of 12.5 Gm. 
per cent. The ESR was 60 mm. at one hour. 
Urinalysis was negative. Eleven stool examina- 
tions, most of which followed purges, failed to 
reveal Endameba histolytica or any other 
parasite. The stool guaiac test was repeatedly 
negative as were stool cultures for pathogenic 
bacteria. Several blood cultures showed no 
growth. Blood chemical determinations revealed 
alkaline phosphatase 3.5 B.U. per cent, urea 
nitrogen 16 mg. per cent, trace of bilirubin, 
albumin 4.6 Gm. per cent, globulin 2.8 Gm. 
per cent and euglobulin 0.6 Gm. per cent. 
1 here was 70 per cent retention of BSP in 
thirty minutes. The cephalin-cholesterol floccu- 
ation and the thymol turbidity tests were 
negative. Various x-ray and fluoroscopic ex- 
aminations showed normal heart and lungs, 
marked splinting of the right diaphragm, a 

uodcnal ulcer, a tender irritable and deformed 
cecum and a constant area of spasm in the 
icpatic flexure. A cholecvstogram and intra- 
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venous pyelogram were normal. The amebiasis 
complement fixation test was + + . 

After admission the patient received 4,000,000 
units of penicillin daily for 17 days without 
effect upon fever or pain. The temperature 
which had been 102°f. on admission fell to 
100°f. and remained there for a week at which 
time it spiked over a three-day period to 103.6°f. 
Chloroquine was then administered in doses of 
0.6 Gm. of the base for two days followed by 
0.3 Gm. of the base for nineteen days. By the 
third day of this treatment there was no fever 
and the liver which had been extremely tender 
and enlarged to two finger-breadths below the 
costal margin gradually decreased in tenderness 
and size and after a week was normal to per- 
cussion and palpation. The white blood count 
dropped from 15,900 to 7,200; the ESR from 
31 to 2 mm.; the BSP from 20 per cent retention 
to none. 

About one week after discontinuation oT 
chloroquine the patient developed a crampy 
pain which began in the right upper quadrant 
and passed to the left upper quadrant which 
was relieved by defecation. This was accom- 
panied by a rise in temperature to 100° to 
101 °F. Despite the pain and fever there was 
neither enlargement nor tenderness of the liver. 
Because of the presence of a duodenal ulcer an 
ulcer diet was prescribed but gave no relief. 
In view of this and because the white blood 
count, sedimentation rate and liver function 
tests remained normal and since the barium 
enema again revealed inflammatory changes in 
the cecum and hepatic flexure, it was decided 
that this episode might be due to amebic colitis. 
Accordingly, the patient was placed on diodo- 
quin in doses of 1 .89 Gm. daily for three weeks 
and an additional course of chloroquine. Under 
this regimen there was prompt and permanent 
alleviation of the fever and crampy pains. The 
patient gained 15 pounds in weight in the suc- 
ceeding ten months during which he has been 
asymptomatic and his liver normal to physical 
and chemical examination. The amebiasis com- 
plement fixation test which initially was H — his 
now + . 

Case vi. M. H., No. 59087. A twenty year 
old American-bom white housewife who had 
not traveled outside the general metropolitan 
New York area was admitted to the Methodist 
Hospital, Brooklyn, in May, 1948, and again 
in June, 1948, for treatment of amebiasis. 

Previous history included an appendectomy 
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at the age of sixteen. The present illness began 
following a normal delivery in December, 1947. 
It consisted of fatigue, anorexia, 11 pound 
weight loss, fever, headaches and abdominal 
ciamps associated with up to fifteen watery, 
mucoid and occasionally bloody stools a day. 
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Fig. 3. Chart in Case vr. 


The episodes of diarrhea lasted from three days 
to two weeks and occurred four times between 
December, 1947, and May, 1948. At this time 
physical examination revealed generalized ab- 
dominal tenderness and proctoscopy showed a 
bleeding granular mucosa. Stool examination 


cultures failed to grow out pathogenic enteric 
bacteria. 

Because of chills, fever, the tender abdominal 
mass and stools containing gross blood and pus, 
the patient (Fig. 3) was given during the first 
week 2.5 million units of penicillin, 10.5 Gm. of 
streptomycin, and 38 Gm. of sulfadiazine, along 
with 300 mg. of emetine and 6.5 Gm. carbar- 
sone. Despite this on the seventh day the patient 
developed right upper quadrant pain associated 
with a tender liver which extended three finger- 
breadths below the costal margin while amebas 
persisted in the feces. On the tenth hospital day 
following the intravenous administration of 
parenamine, a pyrogenic reaction occurred 
followed by a thrombophlebitis in the left arm 
at the injection site. The next antiamebic drug to 
be used was cbiniofon in daily doses of 0.75 Gm. 
for nineteen days, during the last seven- days of 
which paraaminobenzoic acid’ 0 was also ad- 
ministered in doses of 5.5 Gm. daily. Then 
bacitracin, which is currently under investiga- 


revealed trophozoites and cysts of Endameba tion as an intestinal amebacide,' U! was ad- 


histolytica. The blood count was not remarkable 
except for a 14 per cent eosinophilia. X-ray of 
the chest was negative. During the first admis- 
sion the patient received emetine subcutane- 
ously, 60 mg. daily for eight days, and was 
started upon diodoquin 1.89 Gm. daily for 
seventeen days. After emetine therapy was 
completed she was discharged from the hospital 
to continue the diodoquin at home. While still 
on this drug, she again developed nausea, 
cramps and bloody diarrhea because of which 
she was readmitted. At this time a very tender 
mass in the right lower quadrant had developed. 
Amebas were still present in the feces and the 
complement fixation test for amebiasis was 
positive. The white blood count ranged from 

6.000 to 15,000 with a persistent eosinophilia of 
from 11 to 30 per cent. The cephalin-cholesterol 
flocculation test was negative on the first oc- 
casion, positive later and finally negative. The 
thymol turbidity test was negative. The serum 
albumin was 3.1 Gm. per cent and the globulin 

3.0 Gm. per cent. The serum alkaline phospha- 
tase was 3.4 B.U. percent. Serum agglutination 
tests were negative for typhoid O and H, para- 
typhoid A and B, Brucella abortus and Proteus 
XI 9. Urinalyses were normal in respect to 
specific gravity, protein, reducing substances and 
microscopic examination with the exception of 
microscopic hematuria on two occasions while 
sulfonamides were being administered. Stool 


ministered by mouth in doses of 40,000 units 
daily for five days. Despite these drugs the liver 
remained enlarged and tender, the right lower 
quadrant mass was still present, bloody diarrhea 
persisted and Endameba histolytica was still 
found in the feces. At this time chloroquine in 
daily doses of 0.3 Gm. of the base was given for 
fourteen days. On the second day of chloroquine 
treatment the liver was less enlarged and much 
less tender, and after the fourth day of therapy 
it was neither palpable nor tender. Following 
the improvement in the hepatitis under chloro- 
quine, oral bacitracin w'as re-administered in 
larger doses, 80,000 units daily for thirteen days. 
Under the combined therapy the stools became 
negative for Endameba histolytica and the right 
lower quadrant mass gradually disappeared. 
The patient regained and maintained good 
health during the succeeding five months during 
which repeated stool examinations have been 
negative. 

In connection with the eosinophilia, there 
was no history of allergies or trichinosis nor were 
ova or larvae of helminths demonstrated in t e 
stools. Five months later the white blood count 
was 6,450 with only 4 per cent eosinophilia. 

Case vn. P. H., No. 922146. A forty-s.x- 
year old white native of Argentina was admitted 
to the Presbyterian Hospital in Scptcm ter, 
1948, complaining of chills, fever and sueats 
of three days’ duration. He had “colitis o 
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many years’ duration, manifested by episodes 
of diarrhea which was occasionally bloody. 
Three months prior to admission Endameba 
histolytica had been demonstrated in his feces 
following which he received injections of eme- 
tine and strychnine. No oral amebacidal treat- 
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Fig. 4 . Temperature chart in Case vn. 



ment was administered. The present illness 
began on an airplane en route to New York. 
At the time of admission, physical examination 
revealed an acutely ill, febrile male exhibiting 
marked diaphoresis but with no localizing signs. 
On the third hospital day epigastric pain oc- 
curred along with an enlarged and tender left 
lobe of the liver. Laboratory tests revealed a 
leukocytosis of 17,000 with 86 per cent neutro- 
phils, normal urinalysis, ESR of 74 mm., no 
malaria parasites, negative blood and stool 
cultures, negative Kline test, negative agglutina- 
tion tests against typhoid, paratyphoid, Brucella 
abortus and Proteus XI 9 organisms. The 
cephalin-cholesterol flocculation and thymol 
turbidity tests were negative. Serum alkaline 
phosphatase was 2.8 B.U. per cent and the 
serum bilirubin less than 0.5 mg. per cent. 
X-ray of the chest was negative except for 
evidence of strip atelectasis at the left base. Stool 
examination revealed cysts of Endameba his- 
tolytica. The amebiasis complement fixation 
test was anticomplementary initially and later 
positive. 

Following admission (Fig. 4) fever and sweats 
persisted, and the left lobe of the liver became 
enlarged, tender and painful. Penicillin was 

m ' n 'stered beginning the second hospital day 
in doses of one half to one million units a day 
"it tout effect. On the sixth hospital day chloro- 
quinc was administered in doses of 0.6 Gm. of 
the base for two days followed by 0.3 Gm. of the 
)asc daily. One and one-half days after the drug 
"ns started the temperature became normal 
March, 1949 


and the enlargement and tenderness of the liver 
gradually disappeared. After one week of chloro- 
quine therapy the patient was discharged from 
the hospital, remained asymptomatic for one 
more week at which time he left the country. 

Case viii. The patient was admitted to the 
Hospital for Tropical Diseases in London* with 
a discharging amebic abscess of the liver 
(Fig. 5) which had been opened surgically more 
than four months before and which had failed 
to heal despite intensive treatment, including 
several courses of emetine, as well as penicillin 
and streptomycin for various secondary infec- 
tions that had supervened. Both the stools and 
the liver pus consistently revealed numerous 
trophozoites of Endameba histolytica. Because 
of the history of resistance to treatment the 
effects of various therapeutic agents were ob- 
served. Emetine was administered by various 
routes for nineteen days. (Fig. 6.) Emetine 
hydrochloride was injected subcutaneously for 
ten days in doses of 60 mg. daily for the first 
five days and then 90 mg. daily for the second 
five days. Emetine bismuthous iodide, 120 mg. 
a day, was given orally during the second five 
days. From the tenth to the nineteenth day a 
0.012 per cent solution of emetine hydrochloride 
in physiologic saline was administered by 
continuous irrigation of the abscess cavity. In 
addition 1 million units of penicillin were given 
intramuscularly a day for the first five days. 

* The data of this case were graciously supplied by 
Dr. F. Murgatrovd and Dr. N. H. Fairley of London. 
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Also given during the second five days were 
irrigations of the abscess cavity twice daily with 
40 ml. of 0.1 per cent proflavine. 

Under this regimen parasites disappeared 
from the feces but to support this aspect of the 
therapy diodoquin was administered orally in 
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doses of 2.4 Gm. daily for twenty-one days. 
Despite all this amebas persisted in the pus 
discharging from the liver abscess. At this point 
administration of chloroquine was started in 
doses of 0.75 Gm. daily for eighteen days. Fever 
promptly disappeared. From the fifth day of 
chloroquine treatment amebas could no longer 
be found in the liver pus. By the twelfth day the 
discharge had ceased and the wound was healed. 
Two weeks following treatment the patient was 
discharged from the hospital and was prescribed 
a maintenance dose of 0.25 Gm. of chloroquine 
biweekly for three months. Two months after 
discharge from the hospital the patient con- 
tinued to be in good health, was asymptomatic, 
had gained seventeen pounds, the wound was 
soundly healed, there was neither tenderness 
nor obvious enlargement of the liver, no amebas 
were found in the stool and the blood count 
was normal. 

COMMENTS 

It is recognized that there are perils in 
establishing a diagnosis without isolation 
of the etiologic agent from the organ in- 
volved. Because it did not seem justified, 
liver biopsy in the suspected presence of 
Endameba histolytica was not performed. 
The presence of amebas in the feces does 
not necessarily imply their presence within 


an inflamed liver and, conversely, their 
absence from the feces does not necessarily 
imply their absence from an inflamed liver. 
Hence, in all but one case reliance has been 
placed upon the prompt disappearance of 
symptoms, signs and abnormal laboratory 


Table jii 

SUMMARY OF PERTINENT SIGNS AND LABORATORY 
TESTS 



Present or 
Positive 

Absent or 
Negative 

Chills 

7 

1 

Fever over I02°f 

7 

1 

Hepatic enlargement 

8 

0 

Hepatic tenderness 

8 

0 

Diaphragmatic pleurisy 

4 

3 

Icterus 

0 

8 

E. histolvtica in feces 

7 

1 

E. histolytica in liver pus 

Amebiasis complement fixation 

1 


test 

5 


Cephalin-flocculation test 

1 

6 

Bromsuifalein retention 

4 


Elevated alkaline phosphatase. 

2 

4 


tests indicative of hepatitis following drug 
administration. Table in summarizes the 
objective evidence that these patients had 
hepatitis as well as amebiasis. The fact that 
the hepatitis in each instance began to clear 
within one to two days and progressively 
improved without recurrence is the critical 
element in establishing the activity of chloro- 
quine against hepatic amebiasis. Needless 
to say, none of the patients had active ^ 
malaria. Chloroquine has been adminis- 
tered without apparent benefit or detriment 
in the presence of acute infectious hepati- 
tis. 13 The only other hepatic disease known 
to be affected by chloroquine is infection 
with Clonorchis sinensis 1,1 which was not 
present in any of the patients reported. 
Furthermore, in these patients no agent 
which is known to infect the liver other than 
Endameba histolytica was demonstrated. 

It consequently appears that the salutary 
effects observed in these patients may 
properly 7 be ascribed to the effect of chloio 
quine upon infection of the liver nitt 
Endameba histolytica. 
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For the treatment of extra-intestinal 
amebiasis, the commonest lesion of which 
is found in the liver as diffuse inflammation 
with or without abscess formation, emetine 
is highly effective and may serve as a stand- 
ard of reference for compounds with similar 
activity. So far as the patients who received 
chloroquine alone are concerned, the re- 
sponse to medication seemed just as prompt 
and as complete as would have been 
expected had emetine been used. Cases i, 
vi and viii afford a comparison between 
chloroquine and emetine. It will be noted 
that even in this small series emetine is not 
uniformly effective in the treatment of 
amebic hepatitis or amebic abscess of the 
liver. The fact that chloroquine adminis- 
tered subsequent to the inadequate response 
to emetine was in each instance successful 
is significant, but is not to be taken as a 
prediction that the antiamebic activity of 
chloroquine will subsequently prove always 
to be superior to that of emetine. 

It may well be possible to revise down- 
ward the daily dose and/or the duration of 
treatment with chloroquine for amebic 
hepatitis. With so few cases for study this 
was not attempted other than to vary the 
duration from two to four weeks and to 
omit the priming dose in two instances. On 
the other hand, upward revision of the 
daily dose and/or duration of treatment, 
if tolerated, might yield superior results in 
amebic colitis. 

Toxicity of Chloroquine. Chloroquine 
causes only minor toxic manifestations. 
With antimalarial doses (1.2 to 1.5 Gm. 
of the base over one to three days) the 
lollowing symptoms are infrequently ob- 
served: mild and transient headache, dis- 
turbance of visual accommodation, pru- 
iitus and gastrointestinal complaints. I,2,u 
Chronic toxicity studies 2, 15, 16 in humans 
iavc not disclosed any serious toxic symp- 
toms or signs. Chloroquine in the dosage 
sc icdule employed in the treatment of 
amebiasis, namely, 0.6 Gm. of the base 
c aily for two days, followed by 0.3 Gm. of 
t tc base daily for an additional twelve or 
nineteen days, has been administered to 
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VI 

forty patients, three of whom complained 
of nausea, one of transient pruritus and 
one of disturbed ocular accommodation. 
In no instance was the complaint of any 
magnitude and it was never necessary 
to interrupt or discontinue medication. 
Another patient reported by Most 17 received 
concurrently chloroquine, emetine and di- 
odoquin and developed generalized pruritus 
followed by mild epithelial desquama- 
tion, both of which began and terminated 
within one week. It might be significant 
that because of the combination of chloro- 
quine and diodoquin, considerably more 
quinoline was being administered than if 
either had been used alone. 

It is not the purpose of this paper to 
discuss the toxicity of emetine other than 
to mention that it does occur in the form 
of nausea, vomiting and diarrhea, and oc- 
casionally in the form of severe myositis and 
myocarditis. Chloroquine presents no such 
serious toxic potentialities and in addition 
does not require parenteral administration. 

Correlation of Drug Localization with Activity. 
A disparity between the results obtained 
with various antiamebic agents, depending 
upon the location of the infection, has long 
been known to exist. Emetine has typified 
one fashion of activity in that it is highly 
effective in extra-intestinal amebiasis where- 
as when used alone it succeeds in eliminating 
permanently the ameba in only 1 0 to 1 5 per 
cent of cases of colitis. 18 The iodohydroxy- 
quinolines, on the other hand, are said to 
be effective in 70 to 90 per cent of intestinal 
infections but are without effect in extra- 
intestinal infections. 

One explanation offered for this dicho- 
tomy of action has assumed a differential 
in vivo activity of these compounds against 
trophozoites and cysts. This concept, how- 
ever, is based upon a fundamental misunder- 
standing of the pathogenesis of amebiasis. 
Amebic infection (Fig. 7) is established 
in the colon following the ingestion of 
cysts by their cxcyslment into trophozoites 
which then invade the colonic mucosa. 
Following this either cysts or trophozoites 
may appear in the feces. Thus the form of 



3 l8 • Ghloroquine for Hepatic Amebiasis — Conan 


Endameba histolytica which is responsible 
for the initiation and perpetuation of 
colonic or metastatic infection is the tropho- 
zoite, and it is this which must be eradicated 
in order to cure the infection. Were the 
differential elimination of cysts in the colon 


PATHOGENESIS OF 
HUMAN AMEBIASIS 



LIVER 

AND 

OTHER 
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C= CYST 
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Fig. 7. A schematic drawing of amebic infection. 


possible the trophozoites and hence per- 
sistent infection would remain. Hence the 
significance of the cyst in the feces is that 
its presence is not of importance to the 
disease of the host in whom it is only 
diagnostic of trophozoites activity within 
the colon, but is of importance as a means 
of infecting another host. 

A more rational hypothesis may be con- 
structed upon the degree of drug localiza- 
tion within infected tissues. One of the basic 
premises of this study was that if chloro- 
quine had any in vivo antiamebic activity, it 
would be most apparent against amebas in 
the liver because of the high drug localiza- 
tion in that organ, and less apparent against 
amebas in the intestine because of the 
lesser degree of localization there. That the 
clinical results follow this pattern does not 
establish the point but it is of correlative 
interest that the recently published informa- 
tion of Parmer 19 and Smith et al. 20 con- 
cerning the tissue distribution of emetine 
indicate that it parallels that of chloroquine 
in regard to the intestinal wall, liver and 


other organs. Also in accord with this 
hypothesis is the efficacy of the iodohydroxy- 
quinolines in intestinal amebiasis as opposed 
to their ineffectiveness against extraintestinal 
amebiasis. This can be correlated with the 
very small degree of absorption and conse- 
quently high intestinal concentration of 
these compounds which has been reported 
by Albright, Tabern and Gordon 21 in 
regard to chiniofon. 

Chance et al. 22 have noted that in pro- 
portional doses a greater hepatic and 
intestinal localization of arsenic with triva- 
lent arsine oxides occurs than with penta- 
valent arsonic acids to which class belong 
carbarsone, acetarsone, treparsol, etc. Such 
information may explain why carbarsone, 
a rather efficient intestinal amebacide, has 
proven ineffective in extra-intestinal ame- 
biasis. Anderson et al. 23 have found that 
certain arsine oxides, such as carbarsone 
oxide (the trivalent analog of carbarsone) 
and its dithiocarboxymethyl and dithio- 
carboxyphenyl derivatives possess ame- 
bacidal activity in vitro and in macaques 
greater than that of carbarsone. In animals 
the thioarsenites, as anticipated, were less 
toxic than their parent compound. Subse- 
quently Anderson et al. 24 have successfully 
treated three patients with amebic hepatitis 
with thioarsenites. This is of considerable 
pharmacologic interest because it indicates 
that, like 4-aminoquinoIines, arsenic can 
be delivered to the liver in therapeutic 
concentrations. 

Presumably because of the lethal effect of 
iodine upon cysts of Endameba histolytica 
in vitro, the activity of the iodohydroxy- 
quinolines upon trophozoites in human 
infections has been attributed to their iodine 
content. One compound is recommended 
because it contains twice as much iodine 
as others yet paradoxically is given in nearly 
twice the dosage of similar compounds wit t 
less iodine. A comparison of the formula of 
chloroquine, which contains no iodine, wit i 
that of diodoquin as a representative of the 
iodohydroxyquinolines reveals the quinoline 
nucleus as a common denominator. 

AMERICAN JOURNAL OF MEDICINE 




Chloroquine for Hepatic Amebiasis — Conan 319 


CH S 

NH — CH — (CH 2 ) 3 — N (C 2 H 6 ) 2 



Chloroquine 

I 



OH 


Diodoquin 

This suggests that the quinoline nucleus or 
some metabolic degradation product there- 
of, rather than the iodine content, may 
represent the active amebacidal component 
in these compounds. 

If the effects of amebacidal drugs are 
truly correlated with their localization in 
sufficient concentrations within selected 
tissues, the idea may be entertained that a 
single quinoline derivative may be found 
which can be administered in non-toxic 
dosage with the achievement of adequate 
amebacidal concentration within the in- 
testine as well as the liver and other viscera 
which may be involved in amebiasis. 

Role of Chloroquine in the Treatment of 
Amebiasis. Because it is clinically impos- 
sible to determine with accuracy in every 
case of intestinal amebiasis whether or not 
extra-intestinal involvement has occurred, 
and because of the high frequency of such 
metastatic infection observed in pathologic 
material, 18 it is at least theoretically highly 
desirable to treat every patient with in- 
testinal amebiasis with agents designed to 
eradicate amebae wherever they may be in 
the body. Until now emetine has been the 
only available agent for extra-intestinal 
amebiasis whereas there are several fairly 
efficient intestinal amebacides. The toxicity 
of emetine and the measures designed to 
minimize or prevent such toxicity have pre- 
cluded the widespread practical application 
of the above principle. Since the lack of 
toxicity of chloroquine permits treatment 
"arch, 1949 


of even ambulatory patients, it is recom- 
mended that chloroquine be employed in 
addition to a more efficient intestinal ame- 
bacide for the treatment of all cases of in- 
testinal amebiasis. Conversely, for the 
treatment of hepatic amebiasis, even in the 
absence of signs or symptoms of intestinal 
involvement, it is recommended that an 
intestinal amebacide be employed in addi- 
tion to chloroquine in order to be more 
certain to eradicate any colonic focus of 
infection, because chloroquine is only about 
50 per cent curative for intestinal amebiasis. 
Case v illustrates this point. 

Because of the widespread use of chloro- 
quine in the suppression of malaria, it 
would be profitable to determine whether 
this compound possesses any antiamebic 
suppressive or prophylactic properties. 

CONCLUSION 

Chloroquine is a safe and effective chemo- 
therapeutic agent for the treatment of 
amebic infections of the liver, being at least 
as effective as emetine but without the 
toxicity of emetine. The combination of 
chloroquine with a superior intestinal anti- 
amebic drug should permit adequate treat- 
ment of any amebic infection, and should 
permit wider use of antiamebic chemo- 
therapy as a diagnostic and therapeutic 
test in obscure infections of the liver and 
intestine. 
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D uring the course of infectious mono- 
nucleosis manifestations of involve- 
ment of various organs have been 
observed . 1-11 The few postmortem examina- 
tions which have been made revealed the 
presence of widespread abnormalities . 12,13,14 
Evidence of hepatitis was demonstrated in 
each of these studies, and by biopsy in 
others . 16-13 Jaundice was observed during in- 
fectious mononucleosis over twenty years ago 
and subsequently in occasional cases . 19,20,21 
Investigation of its pathogenesis has been 
made only recently. 

Several series of cases of infectious mono- 
nucleosis have now been reported in which 
tests of liver function revealed abnormalities 
in a significant proportion . 9,22-25 The results 
are, in general, similar to those obtained 
during infectious hepatitis . 26 Many cases of 
infectious mononucleosis resemble those 
with infectious hepatitis of virus etiology 
and the differentiation by either clinical 
or laboratory means is often difficult . 26,27 

Since the etiology of the condition is not 
established, accurate specific criteria for its 
diagnosis are not available. It has been 
shown that the clinical features are so 
variable that the absence of the typical 
syndrome does not exclude the disease . 2,3,9,10 
It is fair to state that the diagnosis of in- 
fectious mononucleosis in the individual 
case at present must be presumptive and 
based upon clinical manifestations sup- 
portcdjby information supplied by nonspe- 
cific laboratory tests. Several virus infections 


infectious mononucleosis. German measles 
and, as indicated, infectious hepatitis are 
among the most difficult to differenti- 
ate. The evidence suggests that infecti- 
ous mononucleosis is a specific infectious 
disease entity, but the possibility exists that 
the various manifestations are part of a 
syndrome which may be caused by one of 
several etiologic agents. Accurate evalua- 
tion of the significance of changes in liver 
function during infectious mononucleosis 
will require extended observation of pa- 
tients after recovery and further correla- 
tion by clinical, biopsy and postmortem 
examinations. 

It is the purpose of this report to present 
the results obtained by observation and 
liver function tests made during the study 
of a series of eighty-three cases in which the 
diagnosis of infectious mononucleosis was 
made. 

METHODS 

Liver function tests were performed during 
the course of infectious mononucleosis in eighty- 
three cases which were observed in the Depart- 
ment of Student Health of the University of 
Wisconsin from August, 1946, to June, 1948. All 
patients were between seventeen and thirty- 
four years of age. Fifty-five were men. All but 
two were hospitalized for varying periods. For 
the purpose of this study the diagnosis of in- 
fectious mononucleosis was made if the clinical 
features were clearly suggestive and either an 
increased lymphocyte percentage of the white 
blood cell differential count, with the appear- 
ance of abnormal forms, was present in the 
peripheral blood or a rise in heterophile anti- 


ptovide features commonly associated with 

1 rom the Departments of Medicine and Preventive Medicine and Student Health. University of Wisconsin Medical 
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bodies to a titer of 1:128 or above occurred in 
the serum. Heterophile antibodies were not 
demonstrated in the serum of fifteen of the 
patients included. In eight of these the test 
was made only once, in each instance before the 
tenth or after the twentieth day. Four additional 
patients had a maximum titer of 1 : 64. The 
presence of other characteristic features seemed 
to justify the inclusion of these nineteen cases. 
The limitations to specific diagnosis, expressed 
in the foregoing, are accepted as applying fully 
to the cases of this series. The series is con- 
secutive in that it includes all cases in which 
infectious mononucleosis was considered estab- 
lished with reasonable certainty by the existing 
criteria and which had one or more tests of liver 
function performed at random or in series. Most 
patients had two or more tests performed several 
times. During this period many other patients 
were encountered, some as outpatients, who 
probably suffered from this condition but they 
are omitted because of the absence of confirma- 
'tory laboratory data. 

The heterophile antibody determinations 
were made by the method of Davidsohn. 28 ’ 29 
The absorption technic was employed. Liver 
function tests included icterus index, seventy- 
four cases; qualitative urine urobilinogen excre- 
tion, sixty-eight cases; cephalin cholesterol 
flocculation test, eighty-two cases; thymol tur- 
bidity test, seventy-seven cases; prothrombin 
time, thirty-nine cases and bromsulfalein dye 
retention, sixty- two cases. Urobilinogen excre- 
tion was considered abnormal if the urine dilu- 
tion of 1 : 80 or more was positive by the W ailace- 
Diamond test. 30 For the cephalin cholesterol 
flocculation test values of + + + or more in 
twenty-four hours were interpreted as abnormal, 
and for the thymol turbidity test 4 units or more. 
The methods of Hanger and Maclagan, re- 
spectively, were used. 31,32 Results of ++ and 
2 units or more, respectively, for these tests are 
also recorded since these lower figures may be 
of significance. 33 The lowest normal value for 
prothrombin time was considered to be 75 per 
cent. The technic of Quick was used and the 
value expressed in per cent of normal. 34 For the 
early cases the bromsulfalein test was performed 
by the intravenous injection of 2 mg. of dye 
per Kg. of body weight, the amount retained in 
the blood being measured in twenty minutes. 
Significant retention rarely occurred. For the 
last forty-one cases an injection of 5 mg. of dye 
per Kg. of body weight was used and the per 
cent retained measured after thirty minutes. 


With this method significant retention of dye was 
demonstrated frequently; a result of 10 per cent 
or more is listed as abnormal. 

i 

RESULTS 

One or more liver function tests were 
abnormal in seventy-five of the eighty-three 

Table i 

SUMMARY OF THE RESULTS OF LIVER FUNCTION TESTS 
DURING INFECTIOUS MONONUCLEOSIS IN EIGHTY- 
THREE PATIENTS 


Tests Made 

One or More Times 

Total 

Cases 

Resi 

Values 
(Maximum 
obtained 
in each case) 

ills 

No. ol 
Cases 

r Per 
Cent 


74 


28 

38 



20 units or more 

7 


Urobilinogen excretion,... 

68 

1 : 80 or more 

23 

34 

Cephalin cholesterol floccu- 





la tion 

82 

+ + + or more 

70 

85 



-{--for more 

76 

92 

* Initial test 


-b-t'-f' or more 

60 

73 



-f- + or more 

71 

87 

Thymol turbidity 

77 

4 units or more 

38 

49 



2 units or more 

58 

75 

t Initial test 1 


4 units or more 

27 

! 35 

t Initial test 


2 units or more 

47 

61 

Prothrombin time 

39 

Below 75% 

5 

13 



(Minimum 





57%) 



Bromsulfalein 

62 




2 mg., 20 min. technic. . 

21 

10% retention 

1 




5% retention 





0% retention 

18 


5 mg., 30 min. technic. . 

41 

10% retention or 





more 

20 

49 



50 % retention 

2 




40% retention 

1 




35% retention 

5 




30% retention 





25% retention 

1 




20% retention 





15% retention 

3 




10% retention 

4 




Less than 10% 





retention 

21 

~ 


* The initial test (in some cases the only test) was made between die 
third and sixty-second day of disease, all but four before the eig teen 


aay. v 

f The initial test (in some cases the only test) was made between 
third and seventy-ninth day of disease, all but six before the eighteen 
day. 

cases in this series. A general summary of the 
results and the comparative frequency o 
abnormal figures obtained with the various 
tests employed are presented in Table i- 
The data obtained in several representative 
individual cases is contained in Table n. 
Table in summarizes the findings in patients 
who had serial cephalin cholesterol floccu la 
tion and thymol turbidity tests made. . 

The cephalin cholesterol flocculation test 
was abnormal in 85 per cent of the eight) 
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Table ii 

SUMMARY OF STUDIES IN FIFTEEN INDIVIDUAL PATIENTS WHO HAD SERIAL LIVER FUNCTION TESTS DURING 

INFECTIOUS MONONUCLEOSIS 




Blood 

Hetero- 

phile 

Antibody 

Titer 


Urine 

Urobil- 

inogen 

(Dilu- 

tion 

Positive) 

Cephalin 

Thymol 

Tur- 

bidity 

(units) 

Brom- 

Pro- 

throm- 

bin 

Per Cent 

Clinical 

Patient 
Sex, Age, 
Onset 

Date 

of 

Test 

Total 

W.B.C. 

X 1000 

Lympho- 
cytes 
Per Cent 

Icterus 

Index 

(units) 

C 0 - 
lesterol 
Floccu- 
lation 

sulfalein 

Reten- 

tion 

Per Cent 

Days 

m 

Hos- 

pital 

Severity 

Spleen 

Palpa- 

ble 

Days of 
Fever 
100°F. 
or over 

M. K. 

/ 20/47 

9 2 

50 

0 


0 





?5 

Mod. 

0 

10 

F, 18 

1/23 

10 6 

70 











1/11/47 

1/27 

16 35 

75 

256 

9 


++++ 

3 







2/5 

8.9 

56 




+++ 



100 






4/4 

9 0 

26 


7 


0 

0 



Mod. 

4 


L. Y. 

1/25/47 

13.3 

66 

512 

1 1 





80 

17 

9 

M. 27 

1/27 




9 


++++ 







1/14/47 

1/29 




5 


-H i — h 

5 

6* 

80 





3/27 

8.5 

31 

128 

5 

i: 160 

444 

5 

85 






4/22 





1:40 

4 

1 




Mild 

4 


P s. 

2/11/47 

8 4 

76 

256 






100 

17 

14 

F, 20 

2/21 

10 95 

68 


5 


4444 

5 






2/5 /47 

3/19 

9.55 

27 

512 

5 


+ + + 

5 

0 * 

100 





4/8 

10 75 

35 

128 

4 

i : 80 

+ + 4- 

3 


100 






4/29 



64 


1:10 

4- + 


0 







9/25 

8 6 

36 


10 

0 

4* 4" 

0 



Severe 

+ 


R. S. 

2/20/47 

9 3 

83 

1 024 


1:160 

+++4 

4 


66 

20 

9 

M, 19 

2/24 

12 1 

71 



1 : 320 

4 + 4 

6 

0* 

100 





2/14/47 

3/3 

7.4 

67 

512 



4444 

5 

5 

90 





3/19 

9 0 

62 

512 

6 

1 : 40 

4 — i — 1 — i - 

5 

0 






4/8 

8 3 

35 

256 

8 

1:80 

4- 4- 4- 4- 

1 


85 






4/22 



0 


1:40 

4 





Mod. 

0 


W.J. 

2/18/47 

is 0 

81 

256 







16 

■ 4 

M, 20 

2/21 




5 


444 

1 


100 





2/16/47 

2/24 

13 0 

71 

128 



4 - 4 - 4 -+ 

2 


100 





3/19 

8 6 

44 

64 

10 

1:20 

+++ 

3 

0* 






4/8 

7 0 

53 

32 

7 

1:40 

4 

1 


100 


Mild 



M. W. 

2/26/47 

9.65 

76 

1024 






• 


9 

0 

7 

F, 20 

3/1 

16 15 

67 


9 


444 

0 


100 





2/20/47 

3/19 

2 45 

19 

1024 

4 

1:40 

+ + + 

1 

0* 

100 






4/8 

9 0 

30 

512 

4 

0 

0 

1 


85 





C. D 

2/26/47 

11 5 

82 

2048 







7 

Mild 

0 

0 

F, 21 

3/3 

10 2 

63 

1024 

6 

1:200 

444 

1 


100 





2/22/47 

3/19 

6 65 

51 

1024 

5 

1:160 

444 

5 

0* 

100 






4/8 

7 45 

29 

512 

4 

1:40 

0 

0 


100 





M. E. 

5/20 

8 9 

33 

128 


1:80 

44 

0 







3/6/47 

6 25 

57 

0 






15 

Mori. 

+ 

8 

F. 18 

3/19 

10 1 

83 

256 

5 

1:20 

4444 

5 

6* 

100 





2/25/47 

3/27 

10.0 

74 

128 

4 


4444 

7 

0 

100 






4/8 

8 5 

37 

32 

6 

i : 40 

4444 

5 


100 





B. H. 

4/29 


, 



1:40 

444 

2 







8/15/47 

7 

61 


9 

1:20 


T 

40t 


3 

Mild 

0 

2 

F, 24 

9/8 

6 9 

44 

64 

10 

1:20 


5 

0 






8 / 10/47 

10/20 





1:20 

0 

2 

0 






n. s. 

8/18/47 

20 

68 

256 

16 

1:60 


3 

35 1 


20 

Mod 

4 

2 

M, 23 

9/4 

7 5 

28 


10 

1:20 

4444 

7 

0 






8/11/47 

9/18 




9 

0 

0 

3 

0 






C. E. 

10/23 




7 

0 

0 

2 

0 






1/13/48 

5 0 

2\ 

0 

6 

1:40 


T 



22 

Mild 

4 

10 

M, 34 

1/15 

6 0 

47 

256 

6 


4444 








1/5/48 

1/19 




9 


4444 

3 

15+ 







2/2 




6 


4444 

2 

0 






G. I.. 

2/13 





0 


1 







1/14/48 

18 9 

73 

0 







19 

Mod. 

4 

0 

F. If) 

1/19 




9 

1:20 

4444 

5 

Of 






1/8/48 

2/9 

5 95 

54 

6 

7 

0 


3 







R. L. 

3/30 

7 0 

22 


5 


44 

1 







2/7/48 

11.0 

78 

0 

30 

1:320 

5 



18 

Mod. 


7 

M, 19 
1/31/48 

2/9 

2/10 




20 

20 

0 

+ + + 

5 

30t 






E. E. 

M. 20 

2/16 

8 85 

78 

. i 28 

10 









3/4/48 

8 0 

69 

0 

7 

1:80 

44 

2 

Of 


16 

Mild 

4 

8 

3/9 

12 0 

50 

128 



4444 








-1/29/48 

3/21 



0 

10 

1:20 

4444 

5 

0 






.1- n. 

4/9 

7 6 

52 


5 

1:20 

0 

3 







3/19/48 

20 

52 

512 

25 

1:80 

444 

9 

50f 


19 

Mod. 

4 

7 

3/10/48 

3/25 

3/29 

9 

6 

73 

40 


12 

1:40 


9 








4/2 

9 

57 



1:20 


9 







■ 

4/5 

1 ' 

1 




+ + + + 


0 







* 2 me., twenty-minute method 

* 5 m S-. five-minute method 
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two cases in which it was done one or more 
times and on at least one occasion in thirty- 
eight of thirty-nine cases who had the test 
three or more times. A result of -f + + or 
more was obtained in sixty of the eighty-two 
cases at the time the first test was made (in 

Table hi 

INCIDENCE OF POSITIVE CEPHALIN CHOLESTEROL FLOCCU- 
LATION AND THYMOL TURBIDITY TESTS WHEN 
DETERMINATIONS WERE MADE SERIALLY 
IN PATIENTS WITH INFECTIOUS 
MONONUCLEOSIS 


. 

Cephalin Cholesterol 1 
Flocculation 


Thymol Turbidity 


No. of | 
Tests 

No. 

1 

Re- , 
suit* 

Per 


Re- 

Per 

Re- 

Per 

! 

of 1 

+++i 





Cases 

: 

or ! 
More 

Cent 

Cases 

or 

More | 

I 

Cent 

| 

or 

More 

Cent 

3 or more' 

39 

38 

97 

29 

19 

66 

26 

83 

2 or morej 

" 1 

57 

95 

53 

29 

55 

43 

81 


* Pertains to the highest value obtained in the scries of tests in each 
patient. 


some cases a single determination). The 
earliest day of the disease on which a 
cephalin cholesterol flocculation test was 
made varied in individual patients from the 
third to the sixty-second; all except four 
cases were tested before the eighteenth day. 
For the thirty-eight patients who had a 
series of three or more tests the average time 
from the estimated onset of the disease to 
the day on which the last result of + + + 
or more was obtained was thirty days. 
(Table iv.) For eight of these the final value 
was + + + or more at ten, fifteen, fifteen, 
twenty-three, twenty-six, thirty-two, fifty- 
six and sixty-three days, respectively. The 
duration of abnormal flocculation beyond 
this in these patients is unknown. Floccula- 
tion of + -f- or more occurred on the average 
for forty-four days. During convalescence 
the interval between examinations was two 
to three weeks for many cases so that ab- 
normal flocculation undoubtedly persisted 
longer on the average than these figures 
indicate. The cephalin cholesterol floccula- 
tion test was positive in twelve of the fifteen 
cases in which heterophile antibodies were 
not demonstrated. In nine of the twelve the 


two tests were made at the same time. The 
possibility that infectious hepatitis of specific 
virus etiology may have been present in 
those cases in which heterophile antibodies 
were not demonstrated is difficult to elimi- 
nate. During the period of this study pa- 

Table iv 

DURATION OF POSITIVE CEPHALIN CHOLESTEROL FLOCCU- 
LATION AND THYMOL TURBIDITY TESTS IN PATIENTS 
WITH INFECTIOUS MONONUCLEOSIS WHO HAD A 
SERIES OF THREE OR MORE TEST S 


Test 

Result 

No. 

of 

Cases 

Aver- 

age 

Days* 

Maxi- 
mum 
Days * 

Mini- 

mum 

Days* 

Cephalin cholesterol.. 

-} — f — f- or more 

38 

30 

79 

6 

flocculation 

| or more 

38 

1 44 

290 

9 

Thymol turbidity. . . . 

4 units or more 

19 

35 

74 

12 


2 units or more 

25 

52 

253 

14 


* Number of days from onset of disease to day on which the last test 
with the result indicated was obtained. In eight of these patients the 
cephalin cholesterol flocculation was + + or more at the time of 
the fast determination, ten, fifteen, fifteen, twenty-three, twenty-six, 
thirty-two, fifty-six and sixty-three days, respectively. In four the 
thymol turbidity value was 4 units or more when last examined, twenty- 
three, twenty-three, twenty-eight and fifty days, respectively. 

tients with clearly recognizable infectious 
hepatitis were rarely encountered. 

The results obtained with the thymol 
turbidity test in seventy-seven patients are 
listed in the tables. It was positive in a 
significant proportion of cases but less fre- 
quently and, on the average, later in the 
course of the disease than the cephalin 
cholesterol flocculation test. The serum of 
four of the patients who had a series of tests 
showed values of 4 or more units when last 
examined at twenty-three, twenty-three, 
twenty-eight and fifty days, respectively. 
The thymol turbidity values were abnormal 
in seven of the fifteen cases in which hetero- 
phile antibodies were not demonstrated. 
Three of the seven had the tests made at 
the same time. 

The icterus index was 10 units or more in 
twenty-eight (thirty-eight per cent) of the 
seventy-four cases in which it was made. 
Seven of these had 20 units or more. The 
increase in icterus index, when it occuricd, 
was present during the early acute phase in 
most instances. The highest result obtainc 
for the thymol turbidity test was less than 
4 units in nine cases and for the cephalin 
cholesterol flocculation test less than 
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in three cases of the total of twenty-eight in 
which the icterus index reached 10 units or 
more. Thymol turbidity was positive in the 
other nineteen cases and cephalin choles- 
terol flocculation in the other twenty-five 
cases who had an elevated icterus index. 
Abnormal amounts of urobilinogen ap- 
peared in the urine in twenty-three (thirty- 
four per cent) of the sixty-eight cases in 
which the test was made. The prothrombin 
time was below 75 per cent of normal in 
five of the thirty-nine patients tested. It did 
not reach significantly low levels in any 
patient. 

The bromsulfalein test was abnormal in 
twenty (49 per cent) of the forty-one cases 
in which the 5 mg. per Kg. dose of dye was 
employed and the retention in the blood 
measured after thirty minutes. In all of 
these an increased retention of dye occurred 
during the first test; in all but one case 
(retention 10 per cent) the first test was 
made during the first two weeks of illness. 
Table v summarizes the results of three tests 
in forty-one cases who had bromsulfalein 
(5 mg., thirty-minute method), cephalin 
cholesterol flocculation and thymol turbid- 
ity tests. Cephalin cholesterol flocculation 
was positive when bromsulfalein retention 
was abnormal in all but one case. It was 
positive in eighteen cases in which brom- 
sulfalein retention was not increased. The 
results of thymol turbidity tests did not cor- 
relate closely with bromsulfalein retention. 
(Table v.) 

A comparison of the results of the liver 
function tests made in this series of cases of 
infectious mononucleosis indicates that the 
cephalin cholesterol flocculation was most 
hcquently abnormal. It was positive early 
and for a significant length of time in nearly 
all cases. 

A prolonged period of fatigability fre- 
quently occurs following infectious mono- 
nucleosis. However, the duration of sub- 
jective symptoms did not correlate with the 
icsults of fiver function tests for the twenty- 
°ur patients of this series on whom suffici- 
ent information for evaluation during con- 
' a escencc is available. Most of the patients 
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returned to school before all of the liver 
function tests had become normal. (Table 
ii.) Treatment consisted of bed rest during 
the febrile period, activity as limited during 
convalescence as was possible when Uni- 
versity work was resumed, and a high- 

Table V 

CORRELATION OF THE RESULTS OF THREE TESTS IN FORTY- 
ONE PATIENTS WITH INFECTIOUS MONONUCLEOSIS* 

(The Most Abnormal Result Obtained for All Tests 
in Each Patient Is Used) 


Bromsulfalein Retention 
(5 mg., 30-mtn. technic) 

Cephalin 

Cholesterol 

Flocculation 

Thymol 

Turbidity 



+ + 4- 

Less 

4 Units] 

Less 


No. 

or 

Than 

or 

Than 

Result 

of 

More 

+++ 

More 

4 Units 


Cases 

No. of 

No. of 

No. of 

No. or 



Cases 

Cases 

Cases 

Cases 

10% or more 

20 

19 

1 

10 

10 

Less than 10% 

21 

18 

3 

i 

11 

10 


* In all except five patients the tests were made on the same day. 


protein, high-carbohydrate, low-fat diet for 
as long as practicable. Patients who had 
bacterial or fusospirochetal pharyngitis or 
tonsillitis during the course of the disease 
received penicillin by intramuscular injec- 
tion. A relapse or clinical evidence of 
chronic liver disease was not observed. 

COMMENTS 

In this series of eighty-three cases of in- 
fectious mononucleosis tests of liver function 
revealed abnormal values in a significant 
proportion. From the results obtained it is 
reasonable to suggest that every patient with 
this condition will demonstrate abnormal 
liver function, as measured by the tests em- 
ployed, during its course. The studies of 
other investigators have resulted in a similar 
conclusion. 22-25 However, the clinical sig- 
nificance of the results of these liver function 
tests during infectious mononucleosis as a 
measure of hepatic involvement or damage 
is not certain. As far as we are aware, 
fatalities due to liver insufficiency during 
this disease have not been observed. Long 
term studies of liver function following in- 
fectious mononucleosis are not available and 
must await the passage of time. Invcstiga- 
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tions to date have revealed the tendency of 
liver functions to return to normal within 
two to six weeks. De Marsh and Alt report 
cases with abnormal values at three and 
four and one-half months, respectively. 23 
Abrams 43 reports a case with visible jaundice 
for eleven weeks; Cohn and Lidman suggest 
that a patient under their observation was 
developing chronic hepatitis. 22 In our series 
the cephalin cholesterol flocculation test 
was abnormal after eight and nine weeks, 
respectively, in two patients whose further 
course is unknown. Experience suggests that 
liver damage sufficient to cause insufficiency 
in later life is infrequently if ever incurred 
as the sequel to hepatitis during infectious 
mononucleosis. 

In the present series the tests most fre- 
quently abnormal were the cephalin cho- 
lesterol flocculation and thymol turbidity. 
These are dependent upon alteration in 
the serum globulin components. 35-37 The 
factors responsible for abnormal values for 
these tests as well as for retention of brom- 
sulfalein are suspected to reside in cells of the 
reticulo-endothelial system. 38 In the strict 
sense these tests are not direct measures of 
liver function. Nevertheless conditions other 
than hepatitis have been associated infre- 
quently with similar abnormalities. 25,33,30,44 
The mechanism operating for serum alkaline 
phosphatase increase, employed as a test of 
liver function by Gall, is open to similar 
criticism. 24,39,40 The evidence to date indi- 
cates that the mechanism of excretion of 
urobilinogen is dependent upon the paren- 
chymal cells of the liver. Urinary excretion 
of urobilinogen was abnormal in a signifi- 
cant proportion of cases (34 per cent) in 
this series. Of necessity, the Wallace-Dia- 
mond dilution technic was used instead of 
the more reliable quantitative estimation of 
urobilinogen developed by Watson. White 
and co-workers found that while significant 
discrepancies between these two methods 
are unusual, individual variations are seen 
with sufficient frequency to lessen the value 
of the Wallace-Diamond technic as a single 
test. 41 Since an elevation of icterus index in 
individual cases is not conclusive evidence 
of hepatocellular injury, the frequent ob- 


servation of this circumstance does not pro- 
vide proof of hepatitis. However, when the 
results of all of the tests performed in 
individual cases of infectious mononucleosis 
are evaluated, it is reasonable to conclude 
that actual hepatitis occurred in a signifi- 
cant proportion of the cases in this and other 
reported series. This conclusion is supported 
by the demonstration of hepatitis, as well as 
involvement of many other organs, in all of 
the postmortem studies which have been 
made. 12-14 * 

The problem of infectious mononucleosis 
is important because of its frequency and 
the evidence that many organs may be 
involved during the course. 1-11 The reports 
that severe central nervous system involve- 
ment may be associated with this syndrome 
are of particular significance. 4-10,14 The 
disease warrants intensive investigation from 
this standpoint. The spinal fluid was normal 
in the two cases of the present series in 
which it was examined. 

Infectious mononucleosis is protean in its 
manifestations and diagnosis is often diffi- 
cult. It may be responsible for many appar- 
ently minor illnesses. Since the etiology is 
unknown, the diagnosis at present must de- 
pend upon clinical judgment, blood exami- 
nation and measurement of the heterophile 
antibody rise in the serum. Of these the only 
reasonably specific aid is the heterophile 
antibody test. The demonstration of an 
increase in heterophile antibodies is often 
difficult and exacting laboratory technics 
are required. 28,29 A rise in heterophile anti- 
bodies is not usually present until after the 
first week of the disease. The titer falls 
rapidly in many cases and may be over- 
looked if serial tests are not made. Because 
of these considerations, several cases in the 
present series are included in spite of failure 
to demonstrate a rise of heterophile anti- 
bodies in the serum. Of diagnostic impor- 
tance is the fact that a rise in heterophile 
antibody titer is not a recognized feature o^ 
infectious hepatitis of known virus etiology- 
During infectious mononucleosis the ce- 
phalin cholesterol flocculation test becomes 
abnormal in the first few days of the disease 
in nearly all cases. It was positive in twelve 
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of the fifteen cases in which heterophile anti- 
bodies were not demonstrated. As suggested 
by Evans 25 this test often provides earlier 
and more uniform confirmatory evidence 
for the presence of infectious mononucleosis 
than the heterophile antibody determina- 
tion if infectious hepatitis of viral etiology 
can be eliminated. 

In our experience and that of others the 
differentiation between infectious mono- 
nucleosis and infectious hepatitis in occa- 
sional cases with or without jaundice has 
been difficult if not impossible by either 
clinical or laboratory means. 9,10,25,26,27 As a 
result it is likely that mistakes in the diag- 
nosis of these conditions are of frequent 
occurrence. Every patient included in this 
series was evaluated in the light of this 
possibility, especially when cases with posi- 
tive cephalin cholesterol flocculation and a 
negative heterophile antibody titer were 
encountered. It is believed that the differ- 
entiation has been as accurate as present 
knowledge and the methods employed per- 
mit. The uncertainty which still exists is 
further evidence of the similarity which is 
not infrequently exhibited by these diseases. 
In spite of the failure to demonstrate a cor- 
relation between abnormalities of liver 
function and the persistence of symptoms 
during infectious mononucleosis, it seems 
reasonable to manage patients with this 
disease by carefully controlled activity and 
diet in the manner shown to be beneficial 
foi the treatment of infectious hepatitis. 
Fuither, since the etiology of infectious 
mononucleosis has not been clarified, it 
would seem logical to employ the methods 
which have been successful in recognizing 
the specific etiology of infectious hepatitis 
to the study of infectious mononucleosis. 

SUMMARY 

1 he results of tests of liver function per- 
oimcd at random or in series during the 
com sc °f infectious mononucleosis in eighty- 
thl ' cc Patients are presented. Abnormal 
values were obtained in seventy-five. Of 
t tc tests employed the cephalin cholesterol 
peculation was positive most frequently. 

' a uc of + + + or more was obtained in 
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thirty-eight of thirty-nine patients who had 
a series of tests. This persisted for an aver- 
age of thirty days. Thymol turbidity values 
were 4 units or more in nineteen of twenty- 
nine cases (65 per cent) in which a series of 
tests was made. It remained positive for an 
average of thirty-five days. The icterus index 
was 10 units or more and the urobilinogen 
excretion abnormal in over one-third of 
the cases examined. Bromsulfalein retention 
(5 mg., thirty minute-technic) was 10 per 
cent or more in twenty of forty-one cases 
(49 per cent). The usefulness of these tests 
in indicating the presence of hepatitis is 
considered. The available evidence would 
seem to justify the conclusion that true 
hepatitis occurs in a significant proportion 
of all cases of infectious mononucleosis. 

In this series a relapse of acute symptoms 
or clinical evidence of chronic liver disease 
was not observed. Some patients whose sub- 
sequent course is unknown had abnormal 
liver function tests when they were last 
examined. The cephalin cholesterol floccu- 
lation test was positive more uniformly than 
the heterophile antibody determination. 
When infectious hepatitis of viral etiology 
could be eliminated with reasonable cer- 
tainty, it proved to be a valuable aid in the 
early diagnosis of infectious mononucleosis. 

Accurate differentiation between infec- 
tious mononucleosis and infectious hepatitis 
of virus etiology with or without jaundice 
was found to be impossible in occasional 
cases. In agreement with the conclusions of 
other investigators it is suggested that pa- 
tients with infectious mononucleosis should 
be treated in the manner known to be bene- 
ficial for the management of infectious 
hepatitis. 

Acknowledgment: The authors are indebted to 
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T hickening of the internal table of 
the frontal bone occurs more fre- 
quently than is generally supposed, 
and associated with it there are usually some 
metabolic, endocrine, neuropsychiatric or 
hypertensive manifestations. When one or 
more of these abnormalities are present with 
hyperostosis frontalis interna, a syndrome is 
formed which is sometimes called “meta- 
bolic craniopathy,” Morgagni syndrome or 
Stewart-Morel syndrome. 

Although the characteristic thickening in 
the frontal bone had been observed in 
museum specimens since ancient times, and 
Morgagni 1 noted the syndrome of obesity, 
virilism and thickening of the bone in 1765, 
the modern concept of its clinical signifi- 
cance was initiated in 1928 after Stewart 2 
reported three cases of the syndrome 
diagnosed at autopsy. However, the first 
living person with hyperostosis frontalis 
interna was reported by Morel 3 in 1930, and 
only three living people with the disease 4,5 
had been reported up to 1936 when 
Henschen 0 diagnosed twenty-eight cases. In 
1935 to 1936 Moore 7-9 reviewed 6,650 
i oentgenograms of the skull, about one-half 
of which were taken on females, and found 
that the films of 3.4 per cent of the patients 
showed some evidence of thickening of the 
inner table. He checked the case records of 
1 93 patients, making a personal study of six 
patients and found that certain nervous and 
metabolic symptoms were more prevalent 
tian in hospital and clinic patients in 
general. Since then several articles have 
appeared in the literature with discussions 
of from one to sixty-six cases. 10-27 
^ arious theories have been advanced 
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regarding the cause of this condition, but 
none of them fits all the cases. Pituitary 
dysfunction, among other things, has been 
suspected. There is no evidence at the 
present time that pituitary disease produces 
hyperostosis and it must be stated that the 
etiology is unknown. 

Although endocrine disease has been 
mentioned as being a part of the syndrome 
by many writers, very little detail has yet 
been given. The purpose of this paper is to 
show the frequency of endocrine abnor- 
malities and their relationship to other 
findings as they were observed in our 
patients with hyperostosis frontalis interna. 
It is an analysis of ambulatory patients 
seeking office treatment. 

ANALYSIS OF CASES 

Seventeen cases were found, all in women. 
They were located by watching for the 
condition among the last 251 patients 
having roentgenograms made of their skulls 
for the endocrine department. Twenty-six 
females under the age of eighteen and thirty- 
seven males showed no evidence of the 
abnormality. A control group of thirty-eight 
non-obese females over the age of eighteen 
had normal-appearing skulls. Of the 150 
obese women over the age of eighteen, part 
of whom had a psychoneurosis, seventeen or 
11 per cent had some degree of hyperostosis 
frontalis interna. Of all women over the age 
of eighteen for whom films of the skull were 
made 9 per cent had this condition. 

The diagnosis was always proved by 
taking x-ray pictures of the skull. In a few 
instances the diagnosis was made prior to 
seeing the films. Because of the protean 
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Fig. 1. a to d, Miss M. M., Case xi after 
by dieting. 

nature of the disease, it was difficult to make 
a diagnosis without the x-ray n mg 

^The' ages of the patients ranged from 
eighteen to fifty-two years. A total o 
eighteen children had been born to ten 
women. There was one 
other six married women had n 

The following diagnoses of "°cr 
disease were made: diabetes melta®, hvo 
cases- myxoedema. one case, non tox c 
goiter, one ease; ^*yro^p- m 

:re"« OT men a o S panse due to radium 


losing weight from 210 to 160 pounds 

therapy, one case; menopause 
therapy, one case; chmac [oae 
cases; artificial menopause < an d 
cases; sterility (anovulatory), is 

bilateral cystic ovaries g 

during an appendectomy), one ^ of 
In addition, there were tv ^ of 

probable hypothyroidism and t had 

possible hypothyroidism-. 0 " 1 e P wc rc 

exophthalmos. The 

changed by infections > F of estr ogcn 

etc., but they showed eviden ^ Qf thc 
deficiency in several pa • jj ht in- 
sugar tolerance tests showed a slig 
bU & CP sir-DiciM- 
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Fig. 2. Case xi; hyperostosis frontalis interna. 



Fig. 4. Case v; hyperostosis frontalis interna. 


crease in the amount of blood sugar in one 
or more of the determinations, possibly due 
to a pituitary disorder, a tendency to 
develop diabetes mellitus, abnormal liver 
function or other glandular disorders. (Table 
i.) Some of these figures were without doubt 
normal as they were within the range of 
findings that could be normal. Two patients 
had sugar in their urine. Several members 
of the family of one of the diabetic patients 
had diabetes mellitus. 

Numerous symptoms and signs of possible 
endocrine importance were noted. (Table 
tn) The basal metabolic rate was above 
plus 10 for one patient and below minus 
10 for seven. The clinoid processes of 
the sella turcica of four patients were 
hiidgcd. A hysterectomy had been per- 
maroii, 1949 



Fig. 3. Case in; hyperostosis frontalis interna. 



Fig. 5. Case xm; hyperostosis frontalis interna. 


formed on four patients. The height ranged 
from 59 to 68 inches and averaged 63 
inches. The weight varied from 109 pounds 
to 280 pounds. The weight was normal for 
the height and age in only three patients, 
but they had dieted strictly for years to keep 
their weight down. The other fourteen 
women had 709 pounds of excess weight, 
averaging 50 pounds per patient. A record 
of family obesity was found in ten case 
histories. The blood pressure was above 
normal in seven patients The blood calcium 
was normal for the eight patients tested. 
Four blood cholesterol tests were high 
enough to be considered in a diagnosis of 
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mild hypothyroidism, i. e., 198, 210, 210 
and 270. The only test that was definitely 
elevated, however, was the latter one. Blue 
striae were found on two patients, suggest- 
ing pituitary involvement. Eight patients 
were no longer menstruating, one having 


cardia, paresthesias, flatulence, epigastric 
distress, mastaigia, psychalgia, nocturia, 
frigidity, difficulty in thinking and concen- 
trating, indecision, pruritus of the labia 
majors, nightmares, phobias and tinnitus. 
Other unpleasant symptoms were described 


Table i 


blood chemistry: sugar tolerance* and other tests 


Case 

No. 

• 

Name 

Fasting 

Blood 

Sugar 

One-half 

Hr. 

One 

Hr. 

Two 

Hr. 

Sugar in 
the Urine 

Cholesterol f 

Calcium} 

I 

C. S 

207 




2 plus 

176 

11 

II 

B. F 

134 


170 

165 

3 plus-1 hour 

150 


III 

B - J 





Negative 



IV 

F. C 

94 

Ill 

118 

108 

Negative 

141 

12 

V 

S. M 

tot 

185 

175 

133 

Negative 

270 


VI 

M. W I 

104 

158 

158 

94 

Negative 



VII 

H. C 

115 

149 

143 

334 

Negative 

132 

11.5 

VIII ! 

F. B 

103 

122 

111 

101 

Negative 

210 

11 

IX 

B. B 

210 




4 plus 

150 


X 

r. s 

143 

221 

184 

164 

Negative 

138 

11 

XI 

M. M 

92 

117 

127 

104 

Negative 

129 


XII 

E. B 

103 

155 

161 

128 

1 plus-1 hour 

165 

10 

xiri 

L. B 

126 

134 

125 

123 

Negative 

147 


XIV 

G. R 

104 

150 

158 

137 

Negative 

198 


XV 

J- T 

93 

151 

108 

86 

Negative 

210 


XVI 

M. I 

109 

141 

109 


Negative 

180 

12 

XVII 

E. A 

103 

158 

131 

85 

Negative 

135 

11 


* The Folin-Wu method, 
t Reported as mg. in 100 cc. blood plasma. 
% Reported as mg. in 100 cc. blood serum. 


stopped at the age of nineteen. This latter 
patient is now fifty years old. Five patients 
menstruated every twenty-eight days, 
whereas three had late periods and one bled 
semimonthly. Eight patients had dry skins 
but one woman had profuse perspiration. 
Seven patients had dry hair and five had 
brittle nails. Eleven patients were bothered 
by hot flushes. Six patients complained of 
feeling too cold. Thirteen patients had some 
hirsutism although in five it was slight. Six 
patients had had dysmenorrhea during the 
menacme. 

Other symptoms are listed in Table mi. 
Most of the patients were forgetful and some 
of them had trouble thinking of the right 
* word to say. Many complained of various 
symptoms, such as palpitation, dyspnea, 
polyphagia, somnolence, insomnia, back- 
ache, precordial pain, scotomas, tachy- 


by the patients in the following manner: 
“difficult to get a satisfying breath,” “legs 
cramp,” “something snaps and I feel as if I 
am on a different plane,” “jerking of 
muscles all over the body,” “spells of 
anger,” “quiver all over,” “lost strength 
in the left arm” and “a burning spot the 
size of a dollar on each buttock.” 

The following diseases were also diag- 
nosed: asthma, allergic rhinitis, urticaria, 
vitiligo, epilepsy, secondary anemia, neuio- 
dermatitis and pseudocyesis. 

Most of the patients were psychoneurotics 
and had had nervous breakdowns. There 
was a high rate of morbidity with consider- 
able remission and exacerbation of the 
symptoms. 

treatment 

No effective treatment is known for the 
hyperostosis. For diseases associated with it 

AMERICAN JOURNAL OF MEDIC' S'- 
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specific treatment was frequently given. For 
instance, myxoedema and symptoms of 
hypothyroidism responded to thyroid ex- 
tract. There was great improvement with 
complete relief of hot flushes in the meno- 
pausal or estrogen-deficient patient when 


the caloric content was decreased. A mini- 
mum amount of protein was allowed. This 
limited choice of foods resulted in a diet 
consisting largely of fruits and vegetables, the 
sugar content of which stimulated the pan- 
creas to produce more insulin. The benefit 


Table 11 


CLINICAL AND LABORATORY DATA OF POSSIBLE ENDOCRINE IMPORTANCE 


Case No. 

Age 

Weight 

Height in Inches 

Blood Pressure 

Children 

Menses 

Surgery or 

Therapy 

Vaginal Smears 

<S1 

V 

-C 

V) 

3 

E 

o 

X 

Too Cold 

Dry Skin 

Dry Hair 

Brittle Nails 

Basal Metabolic 
Rate 

Goiter 

Hirsutism 

Hyperostosis 

Frontalis 

Interna 

G 

c 

I 

45 

270 

67 

166/100 

3 

0 

X 

+ 

+ 

++ 

+ 

4- 

4- 

4- 

4-18 

0 

4- 

4- 








I OY 












II 

37 

154 

62 

130/96 

2 

R 


+++ 

4-4-4- 



0 

0 

0 

-14 

0 

4- 

4- 

III 

36 

176 

60 

166/94 

1 

R 


+ 4-4--f 

4-4-4- 



4- 

4- 

0 

-5 

0 

+ 

4-4-4- 

IV 

50 

280 

67 

154/110 

1 

0 


+ 

+ + 

+ 


0 

0 

0 

-25 

0 

4-4- 

4-4- 

V 

38 

109 

62 

114/64 

0 

0 

2 OY 

++ 

~h ~h 

++ 


0 

4- 

0 

-13 

0 


4-4- 

VI 

40 

122 

62 

130/90 

1 

I 


4-4-4- 

+++ 

4 


0 

0 

0 

-1 

0 

4- 

4* 

VII 

30 

164 

67 

120/70 

0 

I 





4-4- 

0 

4- 

0 

-11 

0 

0 


VIII 

43 

168 

60 

120/70 

0 

0 




++ 


0 

0 

0 

-16 

0 

wm 


IX 

51 

160 

59 

208/100 

3 

0 

Ra 



++ 


0 


4- 

-4 

0 

4-4- 

4-4- 

X 

33 

172 

62 

118/84 

2 

R 


+ 

+ 4* 

0 


0 

0 

0 

-11 

0 

4-4- 

4- 

XI 

18 

210 

63 

104/64 

0 

I 




0 

4- 

-f 

0 

4- 

-18 

0 

4-4- 

4-4- 

XII 

52 

245 

68 

164/116 

2 

R 


+ 

+ 

0 


4- 

0 

0 

-4 

0 

EX! 

4- 

XIII 

31 

148 

63 

120/74 

0 

R 


+++ 

++++ 

0 

4- 

4- 

4- 

0 

-26 

0 

4-4- 

4-4- 

XIV 

51 

162 

60 

125/82 

1 

0 

H 

++ 

++ 

0 

4- 

4-4-4- 

4-4- 

4- 

4-9 

T 

4- 

4- 4- 

XV 

46 

165 

67 

150/100 

0 

0 

H 

++ 

+++ 

+ 


4- 

0 

4- 

-5 

4- 

4-4- 

4- 

XVI 

38 

164 

61 

222/120 

0 

I 


+++ 

++ 

+ 

4-4-4- 

4-4- 

+ + 

0 

-1 

0 

4- 

4-4- 

XVII 

43 

137 

61 

110/70 

2 

0 

H 

++ 

+ 4“ 

+ 


0 

0 

0 

4-1 


4- 

4- 


R — Regular 
I — Irregular or late 
X — X-ray therapy to ovaries 
Ra — Radium therapy intrauterine 

I OY and 2 OY-Unilateral and bilateral oophorectomy 
H — Hysterectomy 
G Glycogen in vaginal smears 
C Cornification of vaginal cells 

-I Slight cornification of cells 

4-4-4- 4 Complete cornification of cells 

T — Thyroidectomy 


hcxcstrol or conjugated estrogens-equine 
were given in effective oral doses. Diabetes 
mellitus was controlled by insulin and 
hyperthyroidism was corrected by thyroid- 
ectomy. Obesity responded to a low caloric 
diet even though it appeared to be on an 
endogenous basis. The low sugar tolerance, 
as shown by a greater than average increase 
in blood sugar, was improved by a low fat 
diet and if the patient was also overweight 
"arcii, 1949 


obtained with this method was demonstrated 
by Case xn. Before treatment this patient had 
the following sugar tolerance: fasting, 103; 
one-half-hour, 155; one-hour, 161 and two- 
hour, 128 with some sugar in the first and 
second-hour urine specimens. After treat- 
ment there was less sugar: fasting, 109; 
one-half-hour, 138; one-hour, 126; three- 
hour, 63 and five-hour, 72 with the urine 
test negative for sugar. Actually the three- 
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hour specimen was a little low, probably 
due to overproduction of insulin. In Case 
vii there was a response similar to that in 
Case xii with the following sugar tolerance 
before treatment: fasting, 115; one-half- 
hour, 149; one-hour, 143 and two-hour, 134. 


Table iii 
symptoms 


Symptom 

No. of Patients 

Nervousness 

16 

Asthenia 

16 

Weakness 

15 

Dizziness 

15 

Headache 

14 

Mental depression 

13 

Poor vision 

12 

Giddiness 

11 

Diplopia 

3 


After treatment the blood sugar readings 
were lower: fasting, 92; one-half-hour, 112; 
one-hour, 120; three-hour, 96 and five-hour, 
82. 

Some of the patients required symp- 
tomatic treatment. Phenobarbital allayed 
the nervousness and mental depression. 
Gynergen was helpful for the headaches. 

It was explained that many of the symp- 
toms were due to the accompanying 
neurosis and, unless severe, should be 
ignored. Some practical advice was given 
concerning the psychoneurosis. 

COMMENT 

Morbidity, headache, forgetfulness, as- 
thenia, vertigo, obesity, poor vision and 
either psychoneurosis or psychosis occur too 
frequently with hyperostosis frontalis interna 
to be coincidental. The fact that this condi- 
tion is found almost exclusively in the 
female is also important. In our series of 
cases there was a high rate of endocrine 
disorders which, of course, may have been 
coincidental in the small number of pa- 
tients. However, the findings are important 
in that they show the need for making 
complete endocrine studies on these pa- 
tients as well as a very thorough history and 
general examination. 

A study of the literature as well as the 
present series of cases convinces one that 
these patients have many disturbances of a 
varied nature. There is some similarity in 


the group as a whole but considerable 
individual difference. Possibly the cause of 
metabolic craniopathy produces changes in 
different parts of the system and the symp- 
toms vary according to the parts involved. 
For instance, there are areas of atrophy in 
the frontal lobes and sometimes other parts 
of the brain. This degeneration occurs 
mostly in the so-called “silent area,” and 
the bone protrudes into the involved parts. 
The variation in the amount and location 
of cerebral involvement may determine to 
some extent the amount of forgetfulness, 
headache, etc. The disease may occasionally 
cause trouble in the hypothalmus with 
resultant obesity and/or primary pituitary 
disturbance with secondary thyroid, ovarian 
or adrenal involvement. 

It has been stated that the pituitary gland 
may be responsible for this disease. This 
idea developed, at least in part, from the 
opinion previously believed but now thought 
to be incorrect that obesity of the type seen 
in these patients is due to a disturbance in 
pituitary function. It seems improbable that 
hyperostosis frontalis interna is caused by 
any type of abnormal pituitary function as 
it is not consistently found with any known 
type of pituitary disease. 

There is a similarity in the appearance 
of these patients because the obesity is 
usually of the rhizomelic type. The pictures 
shown in the literature are mainly of this 
type. However, Tager et al. 14 found the 
weight to be above normal in only twenty- 
six of sixty-six patients studied by them. 
Nevertheless, even in their group of pa- 
tients the percentage of obesity was greatci 
than in the general population. 

It is reported that hyperostosis frontalis 
interna is sometimes found in normal 
asymptomatic individuals. Possibly the bony 
changes have preceded the appearance o 
symptoms. According to the literature 
available, 1-27 the incidence of this condition 
in otherwise normal women is quite low. 
None of our patients could be classed as 
normal. 

A thorough study of the patient with t rc 
consultation of specialists for diagnosis o 
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definite abnormalities will avoid treatment 
for diseases not present. A careful explana- 
tion of the condition will prevent the patient 
from continuously seeking new remedies 
from numerous doctors. 

SUMMARY 

The findings in seventeen women with 
hyperostosis frontalis interna have been 
tabulated and discussed. Evidence of some 
endocrine abnormality was frequently found 
but was possibly coincidental. There was 
great similarity of body build and symp- 
tomatology in this group of patients. As 
abnormal findings were numerous thorough 
laboratory study and detailed physical 
examination were essential; consultations 
with other specialists were frequently 
advisable. 

Frontal headache, asthenia, forgetfulness, 
vertigo, nervousness, obesity and poor vision 
were rather characteristic of this group. 
There was a high degree of morbidity with 
frequent remission and exacerbation of 
symptoms. 

No cause was found for this disease. It 
was limited almost entirely to the adult 
female. Some of the symptoms were prob- 
ably due to cerebral atrophy. 

Useful hormonal, dietary and symp- 
tomatic treatment was discussed. 

REFERENCES 

1. Morgagni, J. B. De Sedibus et Gausis Morborum. 

27: 2, 1765. 

2. Stewart, R. M. Localized cranial hyperostosis in 

the insane. J. Neurol. & Psychopath ., 8: 321, 1928. 

3. Morel, F. L’hypcrostosc Frontale Interne. Syn- 

drome de l’Hypcrostose Frontale Interne avee 
Adipose ct Troubles Ccrcbraux. Paris, 1930. 
Gaston Doin et Cic. 

“L Van Bogaert, L. Lc syndrome de l’hypcrostosc 
frontale interne chcz unc malade presentant par 
aillcurs une cecitd psychiquc par hemianopsic 
double. J. Neurol, ct de Psychiat., 30: 502, 1930. 

S. Schiff, P. and Trelles, J. O. Syndrome deStewart- 
Morcl. Enccphale, 26: 768, 1931. 

• Henschen, F. Morgagni syndrome. Hygcia, 98: 65. 


335 

7. Moore, S. Hyperostosis frontalis interna. A pre- 

liminary study. Surg., Gynec. & Obst., 61: 345, 
1935. 

8. Moore, S. Metabolic craniopathy. Am. J. Roent- 

genol., 35: 30, 1936. 

9. Moore, S. Calvarial hyperostosis and accompanying 

symptom complex. Arch. Neurol. & Psychiat., 35: 
975, 1936. 

10. Perkins, O. C. and Biglan, A. M. Hyperostosis 

frontalis interna. Review of the literature. Psychia- 
tric Qtiart., 12: 341, 1938. 

11. Carr, A. D. Neuropsychiatric syndromes associated 

with hyperostosis frontalis interna. Preliminary 
• report. Arch. Neurol. & Psychiat., 35: 982, 1936. 

12. Knies, P. T. and Le Fever, H. E. Metabolic 

craniopathy. Hyperostosis frontalis interna. Ann. 
Ini. Med., 14: 1858, 1941. 

13. Andrews, C. T. Hyperostosis frontalis interna. Brit. 

M. J., 2: 185, 1942. 

14. Tager, B. N., Shelton, E. K. and Matzen, W. C. 

Hyperostosis calverii interna. Its clinical sig- 
nificance. California & West. Med., 51: 384, 1939. 

15. Reider, N. Hyperostosis frontalis interna and 

degenerative brain disease. J. Ml. Sinai Hosp., 5: 
511,1938. 

16. Williams, C. L. Hyperostosis of the calvarium. J. 

Indiana M. A., 34: 361, 1941. 

17. Roger, A. A. The internal frontal hyperostosis 

syndrome. Canad. M. A. J., 38: 129, 1938. 

18. Gollan, L. N. A case of hyperostosis frontalis 

interna. M. J. Australia, 1: 23, 1939. 

19. Brauns, W. H. Hyperostosis frontalis interna. Bull. 

New England M. Center , 6: 267, 1944. 

20. Eldridce, W. W. and Holm, G. A. The incidence 

of hyperostosis frontalis interna in female patients 
admitted to a mental hospital. Am. 1. Roentgenol., 
43: 356, 1940. 

21. Titche, L. L. Cerebrospinal rhinorrhea. Report of 

a case presenting hyperostosis frontalis interna. 
Ann. Olol., Rhin. & Laryng., 50: 554, 1941. 

22. McGavack, T. H. and Reinstein, H. Brachy- 

dactyly, polyphalangism, and brachymetapodism 
in a moronic individual with microcephaly, in- 
ternal frontal hyperostosis, and endogenous 
obesity. Am. J. Roentgenol.. 45: 55. 1941. 

23. Fagin, I. D. Dystrophia inyotonica. Report of two 

cases with associated hyperostosis frontalis interna 
in one. J. Michigan M. Soc., 45: 500. 1946. 

24. Gilbert. J. P. Stcwart-Morel syndrome or syndrome 

of internal frontal hyperostosis. J. Tennessee M. A.. 
35:176,1942. 

25. Gerundo, M. and Hei.wig, G. F. Morgagni’s syn- 

drome. Hyperostosis frontalis interna. M. Rec., 
156: 31, 1943. 

26. Ruch. W. A. Hyperostosis frontalis interna accom- 

panying pregnancy. Case report. Memphis M . J.. 
17: 195, 1942. 

27. Grollman. A. and Rousseau. J. P. Metabolic 

craniopathy. A clinical and roentgenologic study 
of so-called hvperostosis frontalis interna, j . A. 
M. A., 126: 213. 1944. 


"arch, 1949 



Subacute Bacterial Endocarditis* 


Ruben Snyderman, m.d. and James S. Tipping, m.d. 
Pittsburgh, Pennsylvania 


W ith the advent of the use of peni- 
cillin in the treatment of bacterial 
infections, a new era began in 
medicine. Subacute bacterial endocarditis, 
which was more than 99 per cent fatal only 
a few years ago, can now be cured in a 
large percentage of cases. 


were considered in this series. Other or- 
ganisms can cause subacute bacterial endo- 
carditis but for strict clinical accuracy two 
cured cases of endocarditis due to staphy- 
lococci have been eliminated. 

Six females and four males were treated, 
ranging in age from sixteen to sixty-one 


Table i 

SUBACUTE BACTERIAL ENDOCARDITIS 


Case 

Age 

Sc.\ 

Valve 

Involved 

Probable 

Precipitating 

Factor 

1 

Organism 

Required 

Effective 

Penicillin 

Dose 

Total 

Penicillin 

Complications 

Hospita 

Days 

, Prerious 
Treat- 
ment 

i 

32 

F 

Mitral 

Rheumatic 

Streptococcus non- 

100,000 units 

31,000,000 

None 

45 

None 





flare-up 

hemolyticus 

(ignavus) 

every 3 hr. 





2 

59 

M 

Mitral 

? 

Streptococcus non- 

75,000 units 

32,S50,000 

Embolus to central 

39 

None 






hemolyticus 

every 3 hr. 

retinal artery, 
blindness 




3 

19 

M 

Mitral and | 

Boil on face 

Streptococcus non- 

75,000 units 

16,000,000 

None 

46 ! 

None 




aortic 


hemolyticus 

every’ 3 hr. 




None 

4 1 

16 

F 

Mitral 

Respiratory 

Streptococcus non- 

200,000 units 

84,100,000 

Cerebral embolus, 

67 


. 



infection 

hemolyiicus (mitis) 

every 2 hr. I 


right hemiplegia I 


None 

5 

1 17 

i F 

Congenital 

Tooth 

Streptococcus non- 

200,000 units 

49,550,000 

Multiple pulmonary 

52 




defect 

extraction 

hemolyticus 

fsah’varius) 

every 3 hr. 


emboli 


Yes 

6 

23 

F 

Aortic and 

Respiratory 

Streptococcus non- 

100,000 units 

20,750,000 

Emboli to fingers 

49 




mitral 

infection 

hemolyticus (mitis) 

every 3 hr. 



68 

None 

7 

52 

M 

Aortic and 

Abscess of 

Streptococcus non- 

1 00,000 units 

41 ,800,000 

Congestive heart 




mitral 

teeth 

hemolyticus (mitis) 

every 3 hr. 


failure 

62 

Yes 

8 

52 

M 

Mitral 

Tooth 

Streptococcus non- 

100,000 units 

38,400.000 

Emboli to fingers, 





extraction 

hemolvticus 

every 3 hr. 


toes, scotomata in 








(sahvarius) 


visual field 

48 

None 

9 

27 

F 

Aortic and 

Tooth 

Streptococcus non- 

200,000 units 

50,000,000 

None 




mitral 

extraction 

hemolyticus 

every 3 hr. 



38 

None 

10 

61 

F 

Mitral 

Tooth 

Streptococcus non- 

50,000 units 

10,950,000 

None 

' 

1 



extraction 

hemolyticus (mitis) 

every’ 3 hr. 




- 


We wish to add to the literature our own 
experience in the treatment of all the 
proven cases of subacute bacterial endo- 
carditis admitted to the Presbyterian and 
Woman’s Hospitals for the year 1946. 
(Table I.) These cases comprise ten patients, 
all of whom obtained clinical cures and 
continued to have negative blood cultures 
since their discharge from the hospital. 
Only those patients with positive blood 
cultures for the non-hemolytic streptococcus 


years. Six patients, five of whom weic 
females, were in the age group from sixteen 
to thirty-two. The remaining patients were 
ages fifty-two, fifty-two, fifty-four and sixty- 
one, respectively, three of whom were males. 
With rare exceptions, subacute bacterial 
endocarditis occurs in patients with pre- 
existing valvular or congenital heart disease. 
Only three of the ten patients gave no 
history of previous heart disease. One o 
these three, however, gave a history o 
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scarlet fever and “growing pains.” Upon 
admission this patient had a rough, loud 
systolic murmur of mitral insufficiency. 
One patient had been a “blue baby” and 
had a definite diagnosis of heart disease 
made at the age of six years. The oldest 
patient, age sixty-one, had influenza in 1918 
and had known of her heart murmur since 
that time although she remained symptom- 
free until the present illness. Another pa- 
tient, age fifty-two, with mitral insufficiency 
first learned of his heart murmur at the age 
of forty. He had no definite rheumatic 
history but likewise had “flu” in 1918. One 
patient had mitral valvular disease for ten 
years and had taken digitalis during this 
entire period but had no definite rheumatic 
history. Two of the remaining patients, 
ages nineteen and twenty-three, had recur- 
rent attacks of rheumatic fever. The last 
patient, aged fifty-two, had rheumatic 
fever as a young adult and was told he had 
an enlarged heart at the age of thirty. 

Valvular defects in this series were found 
in five patients in whom only the mitral 
valve was diseased. Four patients had 
lesions involving the mitral and aortic 
valves; one had a congenital defect believed 
to be a patent ductus arteriosus. 

With the predisposing factor of chronic 
valvular heart disease or congenital heart 
disease, the precipitating factor in the 
actual pathogenesis of subacute bacterial 
endocarditis is the presence of bacteremia 
which permits the bacteria to localize on the 
defective valve or congenital defect. Asymp- 
tomatic bacteremias have been proven to 
occur more frequently than was previously 
believed. It has been demonstrated that 
transient asymptomatic bacteremias occur 
after tooth extraction or dental manipula- 
tion done during the repair of teeth. Less 
common bacteremias that are asymptomatic 
occur after tonsillectomy and other opera- 
tive procedures. Many patients with sub- 
acute bacterial endocarditis gave a history 
of recent simple respiratory infections. In 
this scries of ten patients five had dental 
work with tooth extraction just prior to the 
onset of their illness. One had a history of 
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a “boil” on the face and “sinus trouble.” 
Two had upper respiratory infections. One 
had a chronic cough and an episode of gall- 
bladder colic with transient jaundice prior 
to the onset of his illness. One patient gave a 
history suggestive of a recurrence of rheu- 
matic fever with polyarthritis. 

The earliest symptoms were those of a 
non-specific low grade infection. They com- 
plained of malaise, weakness, low grade 
remittent fever, chilly sensations and sweat- 
ing which occurred most frequently at night. 
Cough, pleurisy and pains in the joints and 
muscles were also frequent complaints. 
Later in the course of the illness they de- 
veloped symptoms produced by the embolic 
phenomena, such as sore fingers and toes 
with splinter hemorrhages or development 
of a blind spot in the visual field. The 
longest duration of symptoms before admis- 
sion to the hospital was three months. 
The average was two to three weeks. Be- 
cause of the vagueness and variability of 
symptoms and the insidious onset of this 
disease, it is essential to obtain repeated 
blood cultures in any patient with chronic 
valvular or congenital heart disease who 
presents himself with fever or unexplained 
symptoms. 

The absolute diagnosis of subacute bac- 
terial endocarditis can only be made in the 
presence of positive blood cultures. Before 
treatment is instituted it is essential to ob- 
tain positive cultures since it is usually im- 
possible to obtain positive cultures while 
the patient is receiving penicillin even with 
penicillinase in the culture media. Rational 
treatment requires a knowledge of the 
organism and its sensitivity to the therapeu- 
tic agent. If the sensitivity of the organism 
to penicillin is known, one has some idea 
of the prognosis and the probable dosage 
required to achieve a cure. An organism 
highly resistant to penicillin will be difficult 
to eradicate even with large doses of peni- 
cillin, and the use of sulfonamide drugs 
combined with penicillin must be con- 
sidered. If the individual has received 
penicillin or a sulfonamide drug prior to 
admission to the hospital, it may require 
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several days for the blood concentration to 
fall to a level which will permit the organ- 
ism to grow. At least two cultures should 
be taken each day, one in the morning and 
one in the afternoon. If a marked elevation 
of temperature or an embolic phenomenon 
occurs, one should obtain a blood culture 
at such a time. Cultures should be taken 
aerobically and anaerobically since many 
of these organisms are micro-aerophils and 
will grow only in an atmosphere of reduced 
oxygen tension. Frequently the explanation 
for failure to obtain positive cultures is the 
fact that the organism must be grown 
anaerobically and only aerobic cultures 
were made. With a history of the use of a 
sulfonamide preparation or the use of peni- 
cillin, para-aminobenzoic acid or penicillin- 
ase, or both, must be incorporated in the 
media. The colony count on the pour plate 
should be done since it is of some value in 
estimating the severity of the infection. 

Most of the patients in this series were 
started on an initial regimen of 50,000 units 
of penicillin every three hours, but in all 
but one the dosage had to be increased 
during the course of treatment. Two pa- 
tients had the dosage increased to 75,000 
units every third hour; four eventually 
received 100,000 units every third hour and 
three received 200,000 units every three 
hours. (One of the latter group actually 
received 200,000 units every two hours.) 
The dosage was increased due to persistence 
of fever, the report of persistently positive 
blood cultures, the presence of blood peni- 
cillin levels that were too low to inhibit 
growth of the particular organism involved 
or the occurrence of embolic phenomena. 
Several patients infected with resistant 
organisms during portions of their treatment 
were given bolstering doses of penicillin 
several times daily in the form of penicillin 
in oil and beeswax (300,000 units twice 
daily) or simply additional intramuscular 
injections of 200,000 units in addition to the 
regularly scheduled doses. The smallest 
total dosage used was 10,950,000 units and 
the largest dosage was 84,000,000 units, the 


average dosage being 38,000,000 units. 
The large dose of 84,000,000 units was used 
in a girl aged sixteen who had an infection 
with a resistant organism and who during 
her illness developed a cerebral embolus. 

The sensitivity of the organism to peni- 
cillin was variable. The least resistant 
organism encountered in this series required 
.625 units per cc. of culture medium for 
inhibition of growth. This level was easily 
achieved in the patient’s serum. Some of 
the organisms encountered, especially in 
those who had probably been treated with 
inadequate doses of penicillin, developed 
such resistance that they continued to grow 
in culture media containing 20 units peni- 
cillin per cc. Although serum levels of this 
height never were maintained with doses 
of penicillin as just described (organisms 
continued to grow in undiluted serum 
samples taken midway between injections 
of penicillin), two patients infected with 
these penicillin resistant strains achieved 
clinical and laboratory cures. 

Hospitalization of these patients aver- 
aged 51.4 days with the shortest period of 
hospital stay being thirty-eight days and 
the longest sixty-eight days. 

It has been difficult in the treatment of 
these patients to decide when penicillin can 
be safely stopped. No absolute rules can 
be laid down and probably what one must 
rely upon is clinical judgment. Criteria for 
cure have yet to be established. However, 
one may arbitrarily say that these patients 
should receive treatment for at least a two- 
week period after they have become afebrile. 
Blood culture (with penicillinase) should 
remain negative and the erythrocyte sedi- 
mentation rate should be either normal oi 
show a definite tendency in that direction. 

It is recommended that blood cultures 
should be taken at monthly intervals for a 
period of one year since a persistently nega- 
tive culture is the proof of cure. 

We have chosen the intermittent intra 
muscular method of administration as the 
most practical for routine hospital use. 
Either crystalline penicillin may be used or 
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the more slowly absorbed procaine peni- 
cillin preparations. 

Some disadvantages of the continuous 
intravenous method are: (1) It is tech- 
nically difficult to maintain. (2) The 
requirement of relatively large quantities of 
intravenous fluids over many days which 
may disturb the fluid and electrolyte bal- 
ance of the cardiac patient who is obviously 
most intolerant to these changes and who 
can readily develop congestive failure. 
(3) The possibility of phlebothrombosis is 
great with intravenous therapy and this is 
an increased hazard to the bedridden 
patient. (4) Non-specific pyrogen febrile 
reactions may occur and may be difficult 
to differentiate from an exacerbation of the 
disease itself. 

Technical difficulties in use of continuous 
intramuscular penicillin are such that there 
is no advantage over intermittent adminis- 
tration, especially in view of the now avail- 
able purified crystalline forms that may even 
be given subcutaneously with small hypo- 
dermic needles. 

Anticoagulants were not used in this 
scries of cases for several reasons: The 
increased tendency to hemorrhage induced 
by heparin and dicumarol is an additional 
danger to the patient, and their use is not 
justified in view of recent reports in the 
literature which have cast doubt upon their 
value in the therapy of subacute bacterial 
endocarditis. Since heparin must be given 
cither by frequent intravenous injection 
or by the rather painful intramuscular 
injection of Pitkin’s menstruum, it adds a 
burden to a patient already receiving 
numerous injections of penicillin. Anti- 
coagulant therapy also adds to the cost and 
inconvenience, both to the patient and to 
the laboratory as daily prothrombin times 
and frequent urinalyses arc required. Pro- 
longed heparin therapy is expensive and 
this money may be used to a better ad- 
vantage in providing more prolonged treat- 
ment with penicillin. 

Common complications may be divided 
mto three groups: i.c., those resulting from 
emboli, congestive heart failure and rupture 
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of a heart valve. Perhaps one should also 
include complicating factors such as allergy 
to the therapeutic agent as manifest by fever 
and skin rashes. This is especially true of the 
urticarial type. Of the embolic phe- 
nomena perhaps the most serious complica- 
tions are emboli to brain, eyes and mesen- 
teric vessels. Now that the survival period 
has become longer, more cases of congestive 
failure have become evident. This seldom 
was seen previously since patients succumbed 
to the toxemia early in the disease. In our 
series there have been complications in five 
of the patients. They were cerebral em- 
bolus with hemiplegia, embolus to the 
central retinal artery with resulting blind- 
ness, appearance of a scotoma in the visual 
field, congestive heart failure and one case 
of urticaria secondary to penicillin therapy. 
This latter condition was remedied by a 
change in the brand of penicillin. 

Any known foci of infection arc best 
removed during the course of treatment 
when blood levels of penicillin are at a 
maximum. However, removal of foci of 
infection is not recommended until control 
of the disease has been accomplished. 
Ideally this should be done toward the 
latter part of treatment, at which time there 
is some hope that the bacteria at the focus 
itself may possibly have been eradicated by 
prolonged high concentration of the drug. 
Every effort should be made to prevent 
subacute bacterial endocarditis which is so 
damaging to the health of the victim and 
which produces such great economic loss. 
Although little can be done to eliminate the 
predisposing factor (i.e., valvular damage 
from rheumatic fever or a congenital defect), 
it is believed that in many cases it can be 
prevented by watching for foci of infection 
and, particularly, by use of sulfonamide 
drugs or preferably penicillin before, during 
and after removal of these foci. This is 
especially true in manipulation or extrac- 
tion of teeth as is shown by the fact that five 
of the ten patients herein reported had had 
recent previous dental work. On the ward 
service of this hospital those patients 
who have infected teeth with or without 



34° Subacute Bacterial Endocarditis — Snyderman, Tipping 


cardiac lesions, or any patient with a 
cardiac lesions as just described is given 
penicillin for at least a twelve-hour period 
before and forty-eight hours after dental 
extraction usually in doses of 20,000 units 
every three hours. Sulfadiazine also may 
be used providing an adequate blood level 
has been reached prior to the time of 
removal of the focus and that it is main- 
tained for a period of at least forty-eight 
hours thereafter. Penicillin in oil and bees- 
wax may be used giving 300,000 units the 
day before, the day of and the day following 
the operative procedure. 

SUMMARY 

1. In the year 1946 ten patients with 
subacute bacterial endocarditis due to non- 
hemolytic streptococcus were admitted to 
this hospital. All have achieved cures with 
the use of penicillin. 

2. Five of the ten patients had had recent 
dental work prior to onset of the illness 
which probably precipitated the infection. 

3. Treatment should not be started until 
a positive blood culture is obtained and the 
organism isolated for further study. 

4. Both aerobic and anaerobic blood 
cultures should be made. 

5. Patients should be started on a mini- 
mum of 75,000 to 100,000 units of peni- 
cillin every three hours since in this series 
smaller doses were found inadequate. The 
minimum daily dose that should be ad- 
ministered is at least 600,000 units of 
penicillin per twenty-four hours. This also 
may be given in the form of slowly absorb- 
able, procaine penicillin preparations. 

6. Valuable information can be obtained 
by checking blood penicillin levels and 
penicillin resistance of the organism. 

7 . The intermittent intramuscular method 
of administration of penicillin is the pre- 
ferred method. 

8. It is best that foci of infection should 


be removed toward the latter part of treat- 
ment when the penicillin blood level is still 
high. 

9. Prophylactically, patients with chronic- 
valvular heart disease or congenital heart 
disease should be treated with penicillin ora 
sulfonamide preparation before, during and 
after removal of foci of infection in order to 
avoid subacute bacterial endocarditis. 
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C ase finding is of first importance in 
syphilis control. It is the process 
which must be fulfilled before treat- 
ment which leads to the ultimate objective, 
control, can be effected. 

Three factors have been largely responsi- 
ble for the present emphasis on syphilis case 
finding: (1) The strengthening of national 
venereal disease control through the 1938 
amendment to the Venereal Disease Con- 
trol Act, (2) the acceleration of control 
efforts brought about by the exigencies of 
the war years and (3) the development of 
intensive syphilotherapy. This last factor 
had a dual effect upon case finding. Ef- 
fective, rapid treatment brought about a 
realization of the shortcomings of case 
finding, and at the same time it freed much 
personnel time heretofore required for 
the administration of treatment and case 
holding. 

Essentially, there are only three basic 
methods among many variations of case 
finding: 

Screen Examination. Screen examination 
is that process whereby physical or labora- 
tory examination for the presence of 
venereal disease is given an individual 
because he is a member of a group, all of 
whom are to be examined because they 
belong to that group. Prenatal or pre- 
marital testing, community-wide blood 
testing and routine examination among 
hospital admissions are examples of such 
groups. 

Public Information. Public information 
includes the planned use of mass informa- 
tional media, such as newspapers, radio 
broadcasts, posters and pamphlets, to dis- 
seminate among the general population or 
gioups of the population specific facts 

From the Venereal Disease Division, Public Health 
March, 1949 -= 


regarding the nature of venereal disease. 
These facts include the means of transmis- 
sion of venereal disease, symptoms, possible 
consequences if untreated and the methods 
and availability of diagnosis and treatment. 
Discussion meetings, lectures before groups 
and similar devices for reaching smaller 
selected groups are also used. The objective 
of public information is to induce those who 
suspect infection to seek diagnosis and 
also to advise how infection may be avoided. 

Contact Investigation. This includes all 
the activities involved in obtaining from 
each person in whom a diagnosis of ven- 
ereal disease is established the information 
necessary to identify and locate persons 
who may have infected the patient or may 
have been infected by the patient and in 
finding these contacts and inducing them 
to accept examination and, if necessary, 
treatment. This process is also called “con- 
tact tracing,” “the direct epidemiologic 
approach,” “shoe leather epidemiology” 
and sometimes just “epidemiology.” 

Contact investigation can be used at any 
time in any area, and through this method 
syphilis can be found in the early stages 
even when symptoms are fleeting or un- 
recognized by the infected person. The- 
oretically, the investigation of persons 
known to have been exposed to syphilitic 
individuals during their infectious period 
produces the most direct and profitable 
results of all case finding technics in terms 
of finding early syphilis. It brings about the 
examination of contacts when they are in- 
fectious or potentially so and thus prevents 
further spread of the disease. Speed, there- 
fore, is essential in contact investigation if 
the potentialities of this method are to be 
realized to the fullest advantage. 

:rvicc, Federal Security Agency, Bcthesda. Md. 
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The first step in the investigation process 
is interviewing the diagnosed patient to 
obtain identifying information regarding 
his contacts. The success of the entire 
process depends upon this interview. In 
order to break chains of infection new 
cases of syphilis must be located and brought 
to treatment before the infection spreads 
in an ever widening circle. 

The source of infection is often empha- 
sized in discussions on contact investigation. 
Many venereal disease records and reports 
carry space for insertion of the name of the 
source. Identifying and locating the so- 
called source is important, but overem- 
phasis on this factor has frequently resulted 
in too little attention being given to the 
so-called “spread” contacts. Furthermore, 
it may be impossible and even undesirable 
to differentiate the source of infection from 
other contacts. It is probable that latent 
syphilis would be the diagnosis in a source 
contact. Those persons to whom the patient 
may have transmitted the disease are far 
more likely to be in the open lesion or pre- 
lesion stage of the disease when examined. 
Therefore, interviewers should not con- 
centrate their efforts on determining the 
source of infection but should obtain the 
names of all persons exposed to the patient 
within a period when it might reasonably 
be expected that he was in an infectious 
period. 

Because of the sexual intimacy through 
which venereal disease is usually acquired, 
it is sometimes assumed that there may be 
considerable reluctance on the part of the 
venereal disease patient to give a physician, 
health officer or interviewer the informa- 
tion necessary for effective contact investiga- 
tion. Thus, interviewing for contacts is not 
emphasized in some clinics and physicians’ 
offices to the same degree that it is for 
diseases such as smallpox and diphtheria. 

In recent years evidence has shown that 
the venereal disease patient is more willing 
to cooperate than had been realized. Large 
groups of patients are willing to give the 
names of their sex partners, and in many 
health departments the average is between 


three and four contacts per patient. Such 
success, of course, requires skillful and 
adequate personnel. Patients will respond 
to a clear and sympathetic explanation of 
the need for their cooperation and trill 
demonstrate an active interest in supplying 
information and assistance. When a friendly, 
non-censorious approach is used in the inter- 
view and when the purpose of the process 
is discussed with the patient, the average 
number of contacts obtained is approxi- 
mately four per patient. 

Many states and cities prepare special 
tabulations on contact investigation which 
are made available to the Public Health 
Service for comparative analysis. One of the 
statistics calculated from these data is the 
contact index which is the ratio of contacts 
reported per patient diagnosed. From 
January, 1944 to December, 1947 the 
average of all areas for named contacts of 
primary and secondary syphilis increased 
from 1.25 per patient to 2.07 per patient. 
During the six-month period of July to 
December, 1947 the average number of 
contacts reported per patient with open 
lesion syphilis was 2.07. The ratio varied 
from .43 in one area to 4.14 in another. In a 
special study conducted in the Venereal 
Disease Division 1 it was shown that most 
of the differences between areas in the final 
accomplishments of contact investigation 
could be explained by differences in the 
number of contacts obtained per patient. 
This factor indicates the importance of good 
interviewing. 

Another study was recently completed 
on the number of contacts named by 2,000 
individual patients with primary and sec- 
ondary syphilis who gave some contact 
information. 1 Amazing variation was re- 
vealed in the number of contacts named by 
different individuals. Every patient named 
at least one contact, and the majority of 
the patients named two or three contacts. 
Moreover, 23 per cent of the patients 
named five or more contacts and 4 per cent 
named eight or more. It is extremely impoi- 
tant that interviewers should be aware that 
certain patients will name many contacts 
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and that a minority of patients will name 
only one contact. 

A good interview is the first step in suc- 
cessful contact investigation. Contacts must 
then be located, examined and placed 
under treatment if necessary. In general, 
areas reporting high contact ratios do as 
well in locating and examining as do areas 
with low contact ratios. In other words, 
high contact ratios have not been accom- 
plished by a lowered quality of identifying 
information or by the addition of persons 
with little likelihood of being infected. As 
in interviewing, tact, diplomacy and speed 
are essential to successful investigation. 
Speed is doubly important in locating in- 
fections before they can be transmitted 
and in the location of migratory persons. 
The goal in one area is to have each contact 
located and examined within four days 
after being named by the patient. 2 Proper 
precautions must of course be taken to re- 
examine contacts with no obvious signs or 
symptoms at the first examination, particu- 
larly those recent contacts who may be 
suspected of being in the incubation 
period of syphilis. 

The objective of contact investigation is 
to prevent the spread of infection, and it is 
therefore of paramount importance to 
locate, examine and treat contacts while 
they are in the open lesion stage. For the 
period from July to December, 1947 the 
average number of contacts with primary 
and secondary syphilis brought to treat- 
ment through contact investigation of 
open lesion syphilis varied from a low of 
•06 in one state to .29 in another. In certain 
areas this index has been as high as .47. 
Because many patients pass into the latent 
stage before location and examination are 
accomplished and because lesions are often 
fleeting or almost non-existent, this lesion 
to lesion ratio of .47 appears to be a very 
creditable performance and one which we 
believe could be attained in any area which 
intensifies its efforts to do efficient contact 

investigation. 

Perhaps the data from a special experi- 
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ment in Arkansas 2 will illustrate what can 
be done: 

Primary and secondary patients 


diagnosed 201 

Contact index* 3.26 

Epidemiologic index f 1.61 

Brought to treatment index J. ... 0.83 
Lesion to lesion index § 0.47 


It should be noted that each contact 
brought to treatment with primary or 
secondary syphilis is in turn included in the 
enumeration of cases diagnosed and thus 
presents the opportunity for further contact 
investigation. There is no duplication of 
count in the brought to treatment index 
or lesion to lesion index. 3 

Contact investigation on syphilis patients 
treated in public clinics and hospitals does 
not reach into all chains of infection. The 
private physician plays a vital role in 
syphilis control as he does in the control of 
other communicable diseases. Without his 
cooperation and active interest, the epi- 
demiologic attack on syphilis cannot strike 
with full force. His friendly, confidential 
relationship with his patient offers ad- 
vantages in obtaining information which 
the physician needs to protect his patient 
from reinfection and to contribute to the 
general public health. But physicians arc 
busy men, and often they would welcome 
competent help in locating the contacts of 
their patients. This is especially true when 
contacts have moved to or live in other 
communities, when identification is difficult 
or when an infected contact refuses treat- 
ment for some reason. The health depart- 
ment can be helpful in many ways, and a 
close working relationship between the 

* Contact index is the ratio of the number of contacts 
reported to the total number of previously untreated 
cases in the diagnostic category. 

t Epidemiologic index is the ratio of the number of 
infected persons identified through contact investigation 
to the total number of patients diagnosed. 

X Brought to treatment index is the ratio of the num- 
ber of previously unknown cases found through contact 
investigation to the total number of patients diagnosed. 

§ Lesion to lesion index is the ratio of the number of 
contacts with primary and secondary syphilis brought to 
treatment as a result of contact investigation to the 
number of cases of primary and secondary syphilis 
diagnosed. 
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physician and the health department is 
invaluable to both in their joint effort to 
control the spread of disease. 

With the development of intensive sched- 
ules of therapy which lend themselves to 
out-patient treatment, more and more 
patients may be handled on an ambulatory 
basis by private physicians. Physicians 
have clearly demonstrated their growing 
interest in all phases of venereal disease 
control, and it is hoped that the joint efforts 


of the physician and the health department 
in interviewing patients and examining 
contacts will continue. 
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R ecent years have brought a dramatic 
increase in the use of whole blood 
k. and blood plasma. As the estab- 
lishment of blood banks made blood and 
plasma readily available, it became practi- 
cable for the first time to give transfusions 


enormous increase in the use of blood and 
plasma. This is exemplified in Figure 1 
which shows the growth of transfusion 
therapy at the Johns Hopkins Hospital 
from 1939 to 1946. In the first year after 
the organization of the blood bank 1,000 


INCREASE IN TRANSFUSION THERAPY I939-I9A6 



WHOLE BLOOD PLASMA 

Fig. 1. Transfusion therapy at the Johns Hopkins Hospital in the first 
year of operation of the blood bank and in 1946. 


to laigc numbers of patients who formerly 
lad barely survived without transfusion, 
and it was found that five or six or even ten 
tiansfusions might save a life while the one 
01 two considered adequate in the past had 
ai cd. The extension of the indications for 
ti ansfusion and the advancement of surgery 
to pcimit successful performance of opera- 
tions of a magnitude previously rarely 
attempted have combined to produce an 


blood transfusions and 22 plasma trans- 
fusions were given; in 1946 there were 
5,500 blood transfusions and 1,800 plasma 
transfusions. At present almost every large 
hospital has a formally organized blood 
bank of its own and those which do not are 
beginning to draw upon the recently 
developed centralized blood banks. 

This widespread use of blood is not an 
unmixed blessing. Blood is a potent thera- 
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peutic agent and a dangerous one. The 
greatest danger inherent in the blood bank 
is the relative ease of making clerical errors 
which may result in the transfusion of in- 
compatible blood. Rigorous application of 
a careful system of checks will minimize the 
frequency of such occurrences. A second 
danger inherent in transfusion therapy 
under any circumstance is the possibility of 
transmitting disease. It is obvious that this 
possibility increases in direct proportion to 
the increase in frequency of transfusion. 
It is our purpose to review the pertinent 
information available concerning the trans- 
mission of disease by blood and plasma 
transfusion, to determine practicable means 
for the elimination of this hazard and to 
present available methods which will allow 
the use of blood drawn from actually or 
potentially infected donors without risk of 
infection should transfusion with such blood 
be necessary or practical. 

DISEASES CAPABLE OF TRANSMISSION BY BLOOD 
TRANSFUSION 

The diseases most commonly known to 
be transmitted by transfusion are syphilis 
and malaria but during recent years 
homologous serum hepatitis has become of 
equal if not greater importance. It is 
routine practice in transfusion centers to 
employ precautionary measures to attempt 
to eliminate the transmission of syphilis and 
malaria and, to a lesser extent, of transfusion 
hepatitis. Precautions are required by law 
in some states. In Massachusetts, for ex- 
ample, the laws governing transfusion 
therapy read “ . . . No person shall intro- 
duce the blood or any unsterilized fraction 
of the blood or tissue of any donor into the 
body of any recipient unless said donor 
has never had syphilis or malaria and is 
free from any dangerous disease, so far as 
such freedom from past and present infec- 
tion can be determined by ... a carefully 
taken history as to past or present infection 
with syphilis or malaria . . . and a careful 
physical examination.” 1 

With the exception of syphilis and 
malaria, the diseases which have been re- 


ported to be transmitted by blood trans- 
fusion are few. Baugess 2 reports two cases 
and Harrell 3 a single case of measles trans- 
mitted to infants, the donors being in the 
incubation period at the time of bleeding. 
Robertson 4 and J. R. Blalock 5 each report 
a case of smallpox transmitted by trans- 
fusion. Three cases of transfusion typhus c ’ 7,s 
have been reported from Europe. Levick 9 
reports from England a single case of influ- 
enza transmitted by transfusion. Hendrick 10 
in her review of the subject cites three cases 
of tuberculosis reported from Europe by 
Opitz in 1925. Relapsing fever, due to the 
Spirillum rccurrentis of Obermeier, de- 
veloped following transfusion in six patients 
reported by Wang and Lee . " Beckman 12 
reports a case of fatal encephalitis following 
transfusion of blood taken from a donor in 
whom chickenpox developed three days 
after bleeding. A single case has been 
reported 13 of gonorrheal arthritis appearing 
in an eight months old male infant after 
two transfusions from his gonorrheal mother. 
A case of B. Suipestifer septicemia has been 
observed in the Venereal Disease Clinic of 
the Johns Hopkins Hospital following trans- 
fer of therapeutic malaria. 14 The possibility 
of transmitting the above diseases is slight 
and it is believed that a reasonably com- 
plete and accurate history and an adequate 
physical examination should disclose donors 
suffering from these diseases or still in the 
infective prodromal stage. 

HOMOLOGOUS SERUM HEPATITIS 

Although jaundice following the injection 
of human tissue extracts was recognized 
and reported as early as 1885 by Lurman, lJ 
it is only within recent years that homolo- 
gous serum hepatitis has attracted wide- 
spread attention. Findlay and MacCallum 
in 1937 reported its occurrence after vaccina- 
tion against yellow fever, and McNalty 1 ' in 
1938 discussed its appearance following the 
use of pooled measles convalescent serum. 
With the outbreak of the recent war. when 
large numbers of troops were vaccinated 
against yellow fever, homologous serum 
hepatitis became recognized as a matter ol 

r. or mepicint. 
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universal concern. Between January 1, 
1942, and July 1, 1942, over 28,000 cases of 
hepatitis resulting in sixty-two deaths had 
occurred subsequent to yellow fever vac- 
cination of about 2J£ million persons. 18 
Subsequent investigations showed that the 
icterogenic agent was contained in the 
human serum which had been used as a 
vehicle and stabilizer for the immunizing 
agent. 19,20 Since that time similar cases of 
hepatitis and jaundice have been recognized 
following the administration of whole blood 
and more particularly of plasma. Reports 
from civilian hospitals are few but sig- 
nificant. 21,22 Six cases of jaundice following 
transfusion therapy and twice this number 
following therapeutic malaria transfer, all 
presumably cases of homologous serum 
hepatitis, have been observed at the Johns 
Hopkins Hospital. Recent reports of military 
experiences have indicated that in battle 
casualties this disease was a rather frequent 
occurrence attendant upon the use of large 
quantities of pooled plasma. 23 The disease 
is a serious one and its development follow- 
ing transfusion therapy must be regarded 
as a grave complication. 

The exact incidence of homologous serum 
hepatitis following transfusion therapy is 
not known. Spurling, Shone and Vaughn 
in England 22 found an incidence of 7.3 per 
cent among 1,054 recipients followed five 
months or longer after receiving pooled 
plasma or serum. They were able to dis- 
cover only six doubtful cases of homologous 
serum hepatitis in 891 recipients of whole 
blood transfusions taken from single donors. 
Grossman and Saward 21 report an inci- 
dence of 1.6 per cent in recipients of 501 
transfusions of commercial pooled plasma. 
1 he incidence among war casualties who 
received transfusion therapy was about 2 
to 3 per cent 24 and this figure seems to 
represent a fair average. Such an incidence 
assumes an even more disturbing signifi- 
cance when it is realized that this disease 
carries with it a fatality rate of 2 to 3 per 
cent.- 4 This is ten times higher than that of 
infectious hepatitis which it so closely 
resembles. 
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The exact relationship of homologous 
serum hepatitis and infectious hepatitis has 
not been determined. The etiologic agents 
do not seem to be identical, certain sig- 
nificant differences having been definitely 
established. The properties of the etiologic 
agent of each of these diseases suggest that 
they are viruses. Neither agent, however, 
has been visualized by the electron micro- 
scope 25,20 nor have attempts to cultivate 
them on ordinary or chick embryo media 
been successful. 20 No specific serologic test 
has as yet been found. 20,27,28 The most im- 
portant hindrance to the study of these 
diseases has been the lack of any susceptible 
laboratory animal. 20,29,30,31,32 Transmission 
experiments have, therefore, been limited 
to human volunteers. 

There are certain similarities between the 
causative agents of the two diseases. Both 
pass through bacteria-trapping filters. 31-34 
Both survive heating at 56°c. for thirty 
minutes. 30 Both survive freezing for a period 
of years 35 and no diminution of virulence 
has been noted after storage at 4°c. for 
periods up to one year. 32 Storage at room 
temperature for one year docs not seem to 
destroy the viruses. 30 Both survive exposure 
to the ordinary bactericidal agents for long 
periods of time. 34,37 The disease processes are 
clinically similar though not identical and 
the pathologiclesionsareindistinguishablc. 38 

A distinction between the two diseases 
was suggested by the rather constant dif- 
ference in the incubation periods, infectious 
hepatitis usually appearing in less than forty 
days after exposure, while homologous 
scrum hepatitis becomes manifest from 
fifty-five to one hundred thirty-five days 
after transfusion. The onset of infectious 
hepatitis is often accompanied by high fever 
whereas homologous serum jaundice pro- 
duces relatively little fever. 35 Differences in 
the method of transmission arc significant. 
The virus of infectious hepatitis may be 
recovered from the feces of infected patients 
and the disease is readily produced by 
oronasal inoculation with material from this 
source. 31, 33,35,41,42,43,4S Epidemiologic ob- 
servations lend strong support to the theory 
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of alimentary transmission. Transmission of the amount of icterogenic plasma necessary 


infectious hepatitis by the parenteral in- 
jection of blood products has only occasion- 
ally been successful and does not seem to be 
the natural method of infection. 30 ' 39, 40,44,46 
The virus of homologous serum hepatitis, 
however, routinely produces a typical infec- 
tion when injected parenterally, and at- 
tempts to produce the disease by oral 
inoculation with blood or blood products 
have been almost uniformly unsuccess- 
ful. 35 ' 41,43 This agent has not been re- 
covered from the feces of an infected 
patient. 35,45,46 The transmission of this 
disease is apparently accomplished solely 
by artificial means, that is, by parenteral 
injection of blood or blood products. Recent 
evidence indicates that the disease may be 
transmitted by contaminated syringes or 
needles. 4 '’ 49,50,01 Each of these diseases pro- 
duces a definite long-lasting homologous 
immunity. 32,35,42,44,52,53 No cross immunity 
has been demonstrated 35,44,53 suggesting at 
least a definite antigenic difference between 
the two viruses. From the fact that many 
persons over thirty years of age show a 
definite resistance to the virus of infectious 
hepatitis, 42,54 it has been inferred that many 
subclinical infections occur with resultant 
complete or partial immunity. This may 
be true for homologous serum hepatitis 
since it is known that some recipients of 
icterogenic material do not develop clinically 
recognizable hepatitis. The fatality rate of 
the two diseases is strikingly different, that 
of homologous serum hepatitis being ten 
times as great as that of infectious hepati- 
tis. 24 In view of these dissimilarities it would 
seem most likely that the etiologic agents 
of these diseases are similar but not identical. 

In any case, there can be little doubt that 
the increased incidence of serum hepatitis 
among the armed forces and civilians is due 
to the increased use of pooled plasma. The 
amount of icterogenic plasma required to 
contaminate a pool is extremely small, as 
little as 0.01 cc. being sufficient to transmit 
the disease. 31 If but one donor of a 5,000 
unit pool were infected, each plasma unit 
from this pool would still contain five times 


to transmit the disease.' 

PREVENTION OF HOMOLOGOUS SERUM 
HEPATITIS 

Our present methods for preventing 
homologous serum hepatitis are grossly in- 
adequate. The following, however, arc 
worthy of consideration: 

The Control of Donors. Although it has 
never been proven that carriers of homo- 
logous serum hepatitis exist, most blood 
banks exclude donors with a history of 
jaundice. While this measure is probably 
justified because of the possibility .that a 
carrier state exists, it is somewhat illogical 
since donors in the presymptomatic stage 
of the disease are presumably the source of 
greatest danger. The icterogenic agent has 
been demonstrated in the blood stream of 
an experimentally inoculated human volun- 
teer as long as eighty-seven days prior to 
the onset of clinical hepatitis and is present 
in the blood until the onset of clinical 
symptoms. 36,41 Although there is not as yet 
sufficient evidence available to justify defi- 
nite conclusions, it seems that the virus 
probably disappears from the blood soon 
after the onset of jaundice. Data concerning 
the presence of the virus in the blood follow- 
ing recovery from the disease are not avail- 
able. We cannot expect to reduce signifi- 
cantly the number of cases of homologous 
serum hepatitis by elimination of doners. 

Reduction in the Size of Pools. Since a 
single unit of icterogenic plasma will con- 
taminate a very large pool, it would seem 
logical to eliminate the pooling system and 
to use only individual units of plasma made 
from the blood of a single donor. Such a 
plan would reduce the number of people 
exposed to the infected blood. On the 
other hand, there is some danger of incom- 
patibility reactions in the use of unpoolc 
plasma, and such a policy would reduce the 
production of plasma to a much less effi- 
cient process and thereby decrease the read) 
availability of plasma created by the use o 
large scale production methods. A com 
promise method would be the use of smaller 
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plasma pools using blood drawn from six to 
eight donors, thereby reducing the number 
of recipients exposed. 

The Use of Plasma Fractions. When the 
subject of homologous serum hepatitis was 
first brought into prominence it was noted 
that no cases were observed following the 
administration of gamma globulin. 35 This 
suggested that perhaps this fraction of the 
plasma might contain some substance pro- 
tective against the icterogenic agent. Data 
on this aspect of the problem are incon- 
clusive 23, 55,56,57,58 but the method seems to 
offer little promise for preventing trans- 
fusion hepatitis. Similarly we have found 
no reported cases of transfusion hepatitis 
following the use of human serum albumin. 
This would suggest that the agent is 
destroyed in the process of fractionation. 

Ultraviolet Irradiation. The studies of Oli- 
phant 32 suggest that the virus of homologous 
serum hepatitis may be inactivated by 
exposure to ultraviolet irradiation. Evidence 
for this is not conclusive. Final application 
of this method must await further studies of 
the effect on the virus. The recent studies 
of Wolf 59 and his co-workers indicate that 
plasma irradiated by the method of Oppen- 
heimer and Levinson 60 is not altered 
chemically and may be given to human 
beings without ill effect. The technical 
difficulties of irradiating plasma in large 
quantities constitute a considerable obstacle 
which has not as yet been overcome. 

Fifth, it may be possible to heat plasma 
to a temperature lethal to the virus without 
rendering the plasma unfit for parenteral 
use. Lastly, the capacitron 61 offers another 
avenue of investigation. 

TRANSFUSION SYPHILIS 

d he first recorded case of transfusion 
syphilis was reported by Fordyce in 1915 62 
and we have been able to collect almost 
100 cases cited in the literature since that 
time. Since this number probably repre- 
sents but a small fraction of the number of 
cases which have gone unrecognized or un- 
reported, the importance of this complica- 
tion of transfusion therapy cannot be 
march. 1949 
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ignored. Twelve cases of transfusion syphilis 
are known to have occurred in the Johns 
Hopkins Hospital. 63 None of these, how- 
ever, has occurred since the organization 
of the blood bank in 1939. 

Syphilis is primarily of interest in blood 
bank administration from the point of view 

Table i 

INCIDENCE OF POSITIVE SEROLOGIC TESTS FOR SYPHILIS IN 
BLOOD DONORS AT THE JOHNS HOPKINS HOSPITAL 

BLOOD BANK 1946 



Total 

Donors 

S.T.S. Positive 
Donors 

Per 

cent 

White 

4212 

50 

1.2 

Colored 

3295 

437 

13.3 

Total 

7507 

| 487 

6.5 


of the patient’s welfare and the prevention 
of transmission of the disease to recipients 
by way of transfusion. Of great practical 
interest to the blood bank, however, is the 
fact that large quantities of blood must be 
discarded because of positive serologic tests 
for syphilis. Table i shows the incidence of 
positive serologic tests for syphilis among 
donors bled in the blood bank of the Johns 
Hopkins Hospital during 1946. It must also 
be remembered that all donors with a 
history of syphilis or of antisyphilitic therapy 
were rejected and therefore are not included 
in these figures. MacNamara 04 has shown 
that syphilis is not transmitted by trans- 
fusion of blood drawn from donors with 
tertiary syphilis. There is also reason to 
believe that blood drawn from syphilitic 
patients other than those in the late 
stages can be used without infection. If 
such blood could in some manner be made 
available for use a very considerable waste 
would be prevented. 

Transfusion syphilis differs from the 
disease as contracted by genital or extra- 
genital inoculation only in the absence of 
the chancre. The first manifestation of the 
disease is almost invariably the develop- 
ment of secondary lesions although in a 
few patients this phase has been absent or 
so insignificant as to escape notice and the 
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late manifestations have been the present- 
ing symptoms. Klaudcr and Butterworth 63 
in 1937 analyzed thirty reported cases of 
transfusion syphilis and found that the 
incubation period varied from four to 
sixteen weeks, the majority of the patients 
showing secondary lesions between the 
eighth and the tenth weeks. This observa- 
tion corresponds exactly to the incubation 
period of the disease as contracted by the 
usual genital or extragenital invasion, the 
chancre appearing in about three weeks 
and the secondary lesions developing about 
six weeks after the appearance of the 
chancre. As far as is known, there is no 
difference in the prognosis of transfusion 
and of natural syphilis and there is no 
recognized difference in the response to 
therapy. 

METHODS FOR THE PREVENTION 
OF TRANSFUSION SYPHILIS 

Prior to the organization of blood banks 
it often happened that no test for syphilis in 
the donor was performed before transfusion. 
This was due either to lack of technical 
facilities or to the emergency nature of the 
transfusion. Such was the case in 75 per 
cent of the forty-one cases of transfusion 
syphilis collected by Eichenlaub and Stolar 66 
in 1939. Since the establishment of blood 
banks we no longer face these problems. 
With a large store on hand at all times 
blood is routinely kept long enough to allow 
serologic tests for syphilis to be performed 
before the blood is used. In the cases col- 
lected by Eichenlaub and Stolar 60 39 per 
cent of the donors had, or presumably 
would have had, a negative serologic test 
for syphilis immediately before giving blood 
since they were in the incubation period of 
the disease before the appearance of the 
chancre. In addition, as seen in Table ii , 67 
in every stage of syphilis a certain fraction 
of the patients will have negative serologic 
tests and except in secondary syphilis the 
fraction is substantial. In the group of 
infective though seronegative donors lies the 
hazard of transfusion syphilis. It seems 
obvious that despite faithful performance 


of the most accurate serologic tests available 
we may still encounter cases of transfusion 
syphilis. What further measures are avail- 
able to us to prevent such an accident? 

Mutermilch 6S in 1932 attempted to pre- 
vent infection by adding cyanide of mercury 

Table ii 

INCIDENCE OF NEGATIVE SEROLOGIC TESTS IN UNTREATED 
SYPHILITICS 

Seronegative 


Type Per cent 

Primary 30 

Secondary 0.9 

Latent 0 (serol. diag.) 

Late (except neurologial) 18.8 

Diffuse meningo-vascular 10.1 

Paresis 11.3 

Tabes 18.1 


to infected blood in a concentration of 1 mg. 
per ml. The toxicity of this drug and the 
large amounts required render this method 
unsafe. Furthermore, Gougerot and his co- 
workers 69 report two cases and Hudelo' 0 a 
third case of transfusion syphilis which 
developed in spite of the addition of 5 mg. 
of cyanide of mercury to 10 ml. of serum 
which was injected intravenously. This 
method cannot be considered practical or 
safe. 

Kast, Peterson and Kolmer' 1 in 1939 ad- 
vocated the addition of neoarsphenamine to 
whole citratcd blood to prevent transfusion 
syphilis, reporting their well controlled 
in vitro and rabbit inoculation experiments 
which demonstrated the high treponem- 
icidal effects of arsphenaminc and nco- 
arsphenamine. They found both drugs 
completely treponcmicidal in a dilution of 
1 : 10,000. If such a concentration were used 
with the usual 500 ml. transfusion, the 
recipient would receive 50 mg. of the drug 
or approximately one-fifteenth of the aver- 
age single therapeutic dose. In the concen- 
tration recommended, 1:10,000, the drug 
is not hemolytic and docs not agglutinate 
the red cells. 71 Kast ct al. also reported the 
administration of transfusions containing 
this concentration of neoarsphenamine or 
arsphenamine to eight persons with no 
evidence of toxicity. Occasionally the use 
of such blood might be contraindicated 
and in any case one would have to accept 
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the risk of a small but definite incidence 
of arsenical sensitivity reactions. 

In 1941 Turner and Diseker 72 and Bloch 73 
independently demonstrated that whole 
blood inoculated with active treponemes 
loses its infectivity before ninety-six hours 
of storage at 4°c., and in 1942 Ravitch and 
Chambers 74 showed that plasma inoculated 
with active treponemes and then frozen 
lost its infectivity after less than forty-eight 
hours in the frozen state. This experimental 
work suggests a practical method of pre- 
venting transfusion syphilis. Routine storage 
of all blood in the refrigerator at 4°c. for 
four days would prevent any recipient from 
acquiring syphilis even if serologic tests 
were not made. Similarly, known syphilitic 
blood may be used for the preparation of 
plasma with no danger of transmitting 
syphilis since plasma is routinely kept 
frozen at least a week before use while 
cultures are being made. Prior to the 
organization of the blood bank twelve 
cases of transfusion syphilis were observed 
in the Johns Hopkins Hospital. Since 1939, 
however, with over 40,000 blood and plasma 
transfusions, no cases have been recognized. 
Considering the figures for the incidence 
of infectious seronegative donors (Table ii) 
it must be concluded that simple storage at 
4°c. must have prevented a considerable 
number of cases of transfusion syphilis. 
No attempt has been made to require four- 
day storage of all blood and in view of the 
absence of cases of transfusion syphilis such 
a policy would not seem to be indicated. If, 
however, in a given center the proportion 
of seropositive donors were greater or the 
incidence of transfusion syphilis appreciable 
or if, for some reason, one desired to use 
seropositive blood, adoption of such a plan 
would be advisable. Addition of one of the 
arsenicals provides a possible means of 
attack on the problem. 

The use of seropositive blood for the 
production of plasma offers a method for 
eliminating the waste incurred in rejecting 
donors with a history of syphilis or anti- 
svphilitic therapy and that incurred in 
discarding all seropositive blood. Trans- 
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fusion with such plasma will temporarily 
render positive the recipient’s serologic test 
for syphilis. This problem is under study 
by one of us (M. M. R. with T. Farmer and 
B. Davis) 87 and results indicate that the 
serologic tests for syphilis revert to negative 
within one to two weeks. 

TRANSFUSION MALARIA 

The possibility of transmitting malaria by 
transfusion has long been known. The first 
case of accidental transmission recorded is 
that of Woolsey 75 who in 1911 reported the 
development of malaria in a recipient after 
a direct artery-to-vein transfusion. Since 
that time there have been sixty reports of 
transfusion malaria occurring in non-ende- 
mic areas, twenty of these having been 
reported during the past eight years. 
Malaria is endemic in only a very small 
section of the United States. This area has 
constantly shrunk and the small group of 
persons in this country harboring active or 
latent malarial infections has gradually 
diminished. Since World War 11 , however, 
the situation has changed. With the return 
to the United States of the large numbers 
of servicemen who served in malarial zones, 
the number of malarial infections, both 
latent and active, in all parts of the United 
States has increased greatly. The geo- 
graphic and epidemiologic factors are such 
that an increase in mosquito-borne malaria 
is not expected in most regions of the United 
States. However, the increase in malaria 
in our population and the concomitant in- 
crease in transfusion therapy will almost 
surely bring an increase in transfusion 
malaria unless preventive measures are 
taken. Thus, malaria now presents a con- 
siderable hazard in transfusion therapy and 
has become a point of vital interest to our 
rapidly increasing and expanding blood 
banks. 

Malaria inoculata does not differ signifi- 
cantly in its characteristics from naturally 
incurred malaria. It has been noted 70 that 
in quartan malaria the incubation period, 
dated from the onset of fever, is eight days 
or less when the disease is contracted 
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artificially (trophozoite) but is about thirteen 
and a half days when acquired naturally 
(sporozoite). The duration of the initial 
attack, however, is not significantly differ- 
ent, the characteristics of the attacks and 
the paroxysms are the same and the recur- 
rence rate is approximately the same. 
Except for the length of the incubation 
period these observations hold equally for 
the other types of malaria. 

PREVENTION OF TRANSFUSION MALARIA 

The most obvious and most frequently 
advocated method for the prevention of 
transfusion malaria is the rigid questioning 
of donors concerning a past history of 
clinical malaria or their past residence in 
an area in which malaria is endemic, and 
the rejection of all donors who give a posi- 
tive history of either. The task of obtaining 
an accurate and reliable history may be 
extremely difficult. In this connection we 
must appreciate the remarkably long periods 
of latency which are compatible with a 
still active and virulent malarial infection 
capable of being transmitted by blood 
transfusion. Jankleson 77 reports a case of 
transfusion malaria in which the donor’s 
last possible exposure to infection had 
occurred forty years before and there are 
several instances reported with a latent 
period of twenty-five years. Reliance upon 
history to rule out malarial donors will 
lower the incidence of transfusion malaria 
but will not prevent it. In addition, this 
plan has the obvious disadvantage of reduc- 
ing the number of donors available for 
bleeding. If we adopt the safer policy of 
rejecting all donors who have at any time 
lived in a malarial area the number of 
acceptable donors becomes even more 
limited, especially in view of the large 
number of young men recently returned 
from sendee in endemic zones. In the 
regions of the United States in which 
malaria is endemic such a policy would be 
almost prohibitive. Examination of the 
known facts concerning the transmission 
of malaria would suggest that a policy of 
wholesale rejection of donors is not necessary. 


Ackerman and Filatov 78 reported the 
most thorough investigation of this problem 
in 1934 when they studied the survival of 
tertian plasmodia in blood stored for vary- 
ing lengths of time under conditions simu- 
lating those now found in blood banks. 
Survival was tested by smear and by inocu- 
lation of patients suffering from “ . . . 
central nervous system diseases in which 
malarial therapy was indicated.” Their 
experiments showed that tertian plasmodia 
did not survive after ninety-six hours of 
storage. Clinical experience supports this 
conclusion. In none of the reported cases 
of tertian transfusion malaria had the blood 
been stored as long as four days. The same 
conclusions do not seem to stand without 
reservation for the other forms of malaria. 
Two cases of quartan malaria following 
transfusion with five-day old bank blood 
are reported by McClure and Lam 79 and a 
third case of transfusion quartan malaria 
following transfusion with blood stored for 
eight days is cited by Antschelewitsch. 80 
There are two cases of transfusion malaria 
recorded in the histories of the Johns Hop- 
kins Hospital. The first was included in a 
report by F. Howell Wright in 1938 81 and 
occurred in a nine-month infant who re- 
ceived a transfusion of fresh citrated blood 
from his father who had had clinical malaria 
twelve years previously but had been 
asymptomatic since. The parasites in the 
baby’s blood were demonstrated to be 
quartan. No parasites could be demon- 
strated in the blood qf the father. The 
second case occurred in 1946 in a sixteen 
year old boy with congenital hemolytic 
jaundice who was brought into the hospital 
for splenectomy. On the day of operation 
he received two transfusions of 500 cc. of 
whole citrated blood. Recovery was un- 
eventful and he was discharged from the 
hospital. He was re-admitted six weeks 
later with a history of sudden onset of 
severe chills and high fever beginning four 
weeks after discharge and six weeks after 
his two blood transfusions. He had been 
having chills regularly every seventy-two 
hours during the two weeks prior to ad- 
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mission. Quartan parasites were readily 
demonstrated in his blood and his paroxysms 
disappeared immediately upon the institu- 
tion of atabrine therapy. 

The donors of the transfusions which the 
patient had received were examined but 
neither could be proved to have a malarial 
infection. The first donor was a forty-three 
year old white male of Sicilian birth who 
migrated to this country at the age of seven 
years. He gave no history of malaria. The 
second donor was a twenty-two year old 
white male who had been discharged from 
the Army a short time prior to donating 
blood, having served in Africa and the 
South Pacific and having had a febrile 
illness in the latter area which was not 
proved to be malaria. Neither donor had a 
palpable spleen and smears taken after 
subcutaneous injection of adrenalin were 
negative for parasites. The patient was 
born in New York, moved to Maryland at 
the age of one and one-half years and had 
never been exposed to malaria. He gave no 
history of any previous illness suggesting 
malaria. In view of these facts it is believed 
that despite the failure to demonstrate 
parasites in the blood of the donors it may 
be assumed that this represents a case of 
transfusion malaria. As these transfusions 
were given after the blood had been stored 
for periods of forty-eight and ninety-six 
hours, respectively, they throw no new light 
on the length of survival of quartan plas- 
modia when stored under blood bank con- 
ditions. Until further experimental work is 
done with quartan and malignant tertian 
parasites it would seem inadvisable to 
depend on storage alone to prevent malaria 
inoculata. 

The second obvious method of rendering 
blood non-infectious which is actually or 
potentially infected is the introduction of a 
plasmodicidc into the blood. Such attempts 
have thus far been unsuccessful. Quinine in 
concentrations up to 1 : 1,000 has no effect 78 
nor have any of the other antimalarial drugs 
proved more effective. 82 

Benign tertian or quartan malaria inocu- 
lata has long been recognized to be a rela- 
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tively mild form of malaria, particularly 
sensitive to antimalarial therapy. Thorough- 
man 83 in Soochow, China, attempted to 
solve the problem from this point of attack. 
In that highly endemic area 176 trans- 
fusions from unselected donors produced 
transfusion malaria in 53 per cent of the 
recipients. In his experiments he considered 
all donors to be potentially infected and 
accordingly, in a series of thirty-four trans- 
fusions, gave all recipients 0.9 Gm. of 
quinine per day for the three days following 
transfusion. No infections occurred although 
normally fifteen persons would have been 
expected to develop clinical malaria. A 
similar plan was proposed by R. R. Officer 84 
of Australia who inoculated five subjects 
with blood drawn from donors with proved 
benign tertian malaria. He protected the 
recipients by simultaneously beginning a 
course of quinine-atabrine-plasmochin ther- 
apy and again no infections were observed. 
These antimalarial drugs may probably be 
advantageously supplanted by the newer 
drugs, chloroquine and chlorguanide. Ob- 
viously such methods are not meant for 
general use in non-endemic areas. They do, 
however, present a feasible method for the 
prevention of transfusion malaria in in- 
stances in which transfusion with potentially 
infected blood is a necessity regardless of 
the risk of infection. Such a situation might 
arise in military medical practice or in 
civilian practice in areas of high endemicity. 
In tropical regions and to a lesser extent in 
endemic areas of the United States such a 
program might be advantageous. 

As yet no method is known which will 
allow the safe use of fresh whole blood 
drawn from donors with actual or potential 
malarial infection. However, it is not neces- 
sary to refuse all donors who give a history 
of malaria or of residence in an endemic 
area. The plan now in use in the blood bank 
at the Johns Hopkins Hospital is supported 
by the work of Lozncr and Newhouser 83 
who showed that plasma prepared from 
blood proved to be infected with active 
quartan or falciparum parasites could be 
given safely without risk of infection. They 
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prepared plasma from infected blood and 
stored it at — 20°c. for periods varying from 
five to thirty-four days. In twenty trans- 
fusions using this plasma no cases of malaria 
inoculated were observed. Since plasma is 
necessarily kept for at least seven days while 
cultures are being made, the safety factor 
is more than adequate. It is significant that 
although storage at — 20°c. kills the plas- 
modia, freezing at — 72°c. is used as the 
method of preservation of plasmodia, the 
parasites retaining their virulence for long 
periods of time at this temperature. 80 The 
same is, of course, true of Treponema pal- 
lidum. An additional factor of safety lies 
in the obvious fact that the parasites, which 
are for the most part within the red cells, 
are almost entirely removed in the prepara- 
tion of plasma. 

It would seem then that at the present 
time there is no method which can be 
adopted by blood banks which will safely 
permit the use of whole blood potentially 
or actually infected with malaria except 
the concomitant use of antimalarial therapy 
for the recipient. It is no longer necessary, 
however, to reject donors giving a positive 
history of malaria or of exposure to malaria. 
Frozen plasma prepared from the blood of 
suspected donors can be used with safety. 

SUMMARY 

1. The possibility of transmission of 
disease through transfusion has increased 
in proportion to the increase in transfusion 
therapy. The diseases which must be con- 
sidered most seriously are homologous 
serum hepatitis, syphilis and malaria. 

2. The incidence of homologous serum 
hepatitis has been greatly increased by the 
use of pooled plasma. Reducing the size of 
plasma pools will limit the incidence of the 
disease. Fractionation of plasma is one 
avenue of approach to the problem. Physical 
methods may inactivate the virus without 
injuring the plasma. 

3. In spite of careful selection of donors 
a low but definite incidence of transfusion 
syphilis may be expected. Blood containing 
active trcponcmcs may be rendered safe 


for use either by adding an arsenical in a 
dilute concentration or by storage at 4°c. 
for ninety-six hours. Infected blood may 
also be utilized by converting it to plasma 
and storing it at — 20°c. for forty-eight 
hours. Recipients of such plasma will 
develop positive serologic tests for syphilis 
for from one to two weeks. Such a program 
would prevent the waste of large quantities 
of blood now discarded because of positive 
serologic tests for syphilis. 

4. No method has been found which will 
allow blood banks to utilize safely whole 
blood infected with malaria. If under some 
circumstances it should be necessary to 
employ actually or potentially infected 
blood, transmission can be prevented by 
the concurrent institution of antimalarial 
therapy. Plasma made from infected blood 
and stored at — 20°c. for five days can be 
used without danger. Persons with a past 
history of malaria or of exposure to malaria 
may, therefore, be accepted as donors. 
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D uring the development of chronic 
congestive heart failure, salt and 
water are retained. The cause of 
this retention has been the subject of a 
lively recent controversy. The final answer 
is not yet clear but a more rational solution 
to certain phases of the problem has been 
discovered. 

The concept of fluid being forced into the 
tissues by an increased venous pressure 
seems no longer tenable. Such a situation 
should result in hemoconcentration whereas 
chronic congestive heart failure is associated 
with hemodilution. 1,2 Furthermore, any 
sustained elevation of venous pressure must 
be balanced by a supporting increase in 
tissue pressure 3 and this is not easily ex- 
plained by the theory of brief reduction in 
cardiac output. Altschule 4 found the venous 
pressure to be between 8 and 71 cm. saline 
in seven of fifteen patients with cardiac 
edema whereas normal subjects showed 
pressures below 10. We have made similar 
observations using direct atrial pressure 
readings in edematous subjects 3 so that the 
objections often raised to measurements 
using peripheral veins would seem to be 
answered. Venous pressures as high as 50 
cm. saline, without demonstrable edema, 
have been recorded by Burch and Ray 60 in 
patients following ligation of the inferior 
vena cava. In addition to this several cardiac 
patients have been reported with venous 
pressures as high as 16 to 31 cm. water 
without visible edema. 06 We have seen one 
individual with constrictive pericarditis and 
one with chronic heart failure with atrial 


pressures of 23 cm. and 27 cm., respectively; 
the first patient never had edema and the 
second was edema-free at the time of the 
measurement. Thus it is evident that there 
is little correlation between the presence of 
edema and the level of venous pressure. 
Starr 7 measured the “static” venous pressure 
in patients with heart failure immediately 
after death and found it elevated even after 
the heart had stopped beating. He also 
showed 8 in dogs that almost complete 
destruction of the right ventricle with a 
cautery resulted in no elevation of venous 
pressure. These experiments suggest that 
right ventricular failure per se has little to 
do with elevated venous pressure. The 
second of the two intimates that the left 
ventricle may be capable of carrying 
practically all of the circulatory load in dogs 
at rest. In mentioning “right ventricular 
failure” one must bear in mind that the left 
ventricle can pump only as much blood as 
passes through the right ventricle, so that 
when the right ventricle “fails” the left must 
also fail. Landis 9 demonstrated that fluid 
accumulated in the tissues with venous 
pressures of 15 to 20 cm. water. However, 
he used a tourniquet applied above the 
elbow which would also produce lymphatic 
obstruction. 

If interference with lymph flow were 
implicated, one would expect a relatively 
high protein content of the edema fluid 
since one of the functions of the lymph 
vessels is to return protein to the blood 
stream. Stead and Warren 10 found the 
average protein content of cardiac edema 
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fluid to be quite low (average 0.24 Gm. per 
cent) in fourteen patients. In our opinion 
this also indicates that capillary permea- 
bility is not appreciably increased as the 
relative proportion of protein to water 
should be greater in subjects with increased 
capillary permeability, although some dis- 
agree. 11 Stead and Warren 12 studied two 
patients with chronic congestive heart fail- 
ure who had been freed of edema by the 
use of sodium restriction and mercurial 
diuretics. These patients had exhibited con- 
sistent signs of heart failure over a long 
period of time, had regular rhythm and 
both had cardiac outputs well below aver- 
age. 13 As salt was added to the diet in 
amounts easily eliminated by normal sub- 
jects, the patients had an increase in weight 
and blood volume which definitely pre- 
ceded the rise in venous pressure. Harrison, 
Reichsman and Grant 14 gave evidence 
which seemed at variance with these find- 
ings. Patients with auricular fibrillation who 
were fully digitalized were taken off digitalis 
and allowed to fibrillate at a rapid rate. In 
their patients a rise in venous pressure pre- 
ceded the weight gain. However, these 
authors most likely were dealing with pa- 
tients with a changing cardiac output. An 
individual with a stabbed heart and peri- 
cardial tamponade with a sudden fall in 
cardiac output may get a rise in venous 
pressure and hematocrit without change in 
blood volume (except sometimes a slight 
decrease associated with the venous pressure 
rise) supposedly due to capillary or venous 
constriction. Arteriolar constriction per se 
would hardly account for this change. 
Cooper, Stead and Warren demonstrated 
this phenomenon in dogs. 15 A similar 
mechanism was probably involved in the 
experiments of Harrison, Reichsman and 
Grant. Lyons 16 gave large amounts of 
sodium salts to normal individuals. The 
weight and blood volume rose simultane- 
ously and finally the venous pressure be- 
came elevated. This indicates that when 
the body receives more salt than the kidney 
can excrete, salt and water are retained 
and the venous pressure rises secondarily. 


There can be no question that, in the last 
analysis, edema of heart failure is the result 
of failure of the kidney to excrete salt and 
water normally. That the primary difficulty 
is with salt and not with water has been 
demonstrated by many observers. 17-20 The 
sodium ion and not the chloride ion is the 
one implicated in edema, as sodium bi- 
carbonate produces edema and ammonium 
chloride causes diuresis. 21 

Futcher and Schroeder 22 and Reascr and 
Burch 23 have demonstrated that the kidney 
in chronic heart failure is unable to excrete 
sodium normally. Seymour et ah, 2 in an 
effort to explain this, showed a decreased 
renal plasma flow (PSP clearance) and 
filtration rate (inulin clearance) in patients 
with heart failure, with return toward nor- 
mal after digitalization. They attributed 
these changes to the elevated venous pres- 
sure as the fall in venous pressure with 
digitalis was accompanied by improvement 
in renal function. It should be pointed out, 
however, that they were dealing with a 
third variable — the cardiac output — which 
they showed to increase with digitalis. 
Much confusion about cardiac output in 
heart failure has arisen from a failure to 
recognize that the resting cardiac outputs 
which have been measured in the past arc 
of significance only in subjects who have 
heart failure at rest. In these individuals 
the cardiac output is consistently low. 

Studies were made in our laboratory on 
patients with both “acute” and “chronic 
heart failure using hippurate and inulin 
clearances, 24,25 cardiac outputs employing 
the direct Fick principle 20,27 and some atrial 
pressures measured through a catheter 
lying in the right atrium. 28 The “chronic 
patients were those who had fixed heart 
failure at bed rest. This usually docs not 
change when the patient is relieved of his 
signs of congestive failure by the only means 
possible — either rigid sodium restriction or 
the use of mercurial diuretics. The patients 
with so-called “acute” failure have normal 
resting cardiac outputs but are able to 
increase the cardiac output very little with 
exercise. 29 In other words, they arc the 
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patients with a low cardiac reserve. In the 
group with a low cardiac output the renal 
plasma flow was reduced from one-third to 
one-sixth normal, whereas the cardiac out- 
put was seldom less than one-half normal. 
Thus the kidney was receiving on an aver- 
age of 8 to 10 per cent of the cardiac output 
instead of its usual 20 to 25 per cent. This 
suggests a shunt away from the kidney 
produced either by relative intrinsic vaso- 
constriction in the kidney or by relative 
vasodilatation in other parts of the body. 
Also, the filtration rate remained within 
normal limits or slightly below until the 
renal plasma flow was about 200 cc. per 
minute or less (normal 600 to 700 cc./min.). 
This was probably accomplished by a rise 
in filtration pressure produced by con- 
striction of the efferent arteriole of the 
glomerulus. Thus the fraction of renal 
plasma flow filtered (filtration fraction) was 
as high as 40 to 60 per cent, the normal 
being about 20 per cent. 

By dividing patients into “chronic” and 
“acute” groups according to whether or not 
they required mercurial diuretics for com- 
pensation and by studying their inulin 
clearances, the “critical” filtration rate for 
sodium retention was found to be about 
70 cc. per minute. 30 However, these patients 
were not at absolute bed rest and some of 
them might not have required mercurials 
if they had been. Therefore, it is possible 
that the level should be somewhat lower. 
There was a distinct correlation between 
the severity of symptoms and the level of 
filtration rate. This does not prove that the 
low filtration rate is the cause of the sodium 
retention as each might be an unrelated 
phenomenon set in motion by a common 
cause. 

It has been shown that renin produces 
efferent arteriolar constriction 31 and it is 
well known that renin production is in- 
creased in subjects with a low cardiac out- 
put. Renin is not demonstrable in blood 
coming from the kidney of normal indi- 
viduals but it was demonstrated in the renal 
vein blood of eight of ten patients with 
heart failure. No renin was found in the arte- 


rial blood of patients with heart disease. 3 - 
However, the bio-assay technic employed 
dogs. While this is adequate to determine 
an increased concentration of renin, a more 
sensitive method is needed to decide whether 
there is an absolute increase or simply the 
same amount secreted into the reduced 
amount of blood flowing through the kidney. 
If renin production is increased, it offers a 
possible explanation for the mechanism of 
arteriolar constriction and perhaps veno- 
constriction seen in heart failure, as renin 
is known to produce such effects. 33 

We also found a decreased excretion of 
sodium in patients with heart failure which 
was roughly proportional to the decrease 
in filtration rate and we explained the 
sodium retention on this basis. We believed 
at the time that the tubules continued to 
reabsorb sodium because of their “funda- 
mental sodium-conserving function,” al- 
though it was admitted that other causes 
might exist. 28 Mokotoff, Ross and Leiter 3 ' 1 
showed that sodium reabsorption paral- 
lelled sodium filtration in heart failure and 
gave a mathematical formula, reabsorp- 
tion of sodium = filtration rate x plasma 
sodium, representing this relation. This 
does not reveal the cause of sodium reten- 
tion in heart failure, as sodium filtration 
and sodium reabsorption are such large 
quantities as compared with sodium excre- 
tion that the latter could be multiplied 
several times without affecting the formula 
appreciably. One is forced to conclude, as 
Newburgh and Leaf 35 have done, that an 
evaluation of the role of the filtration rate 
in sodium excretion cannot be made 
directly because sodium excretion is so 
small and the errors in the inulin determina- 
tion of filtration rate are so large. Indirect 
evidence is given below. 

To determine whether the same principle 
of low filtration rate applied to patients 
with a normal resting circulation, it was 
necessary to study them in the exercising 
state since their failure occurs only under 
such conditions. We 29 found that six of ten 
cardiac subjects showed a fall in filtration 
rate to the “critical” level of 70 cc./minutc 
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when they performed mild exercise roughly 
equivalent to walking leisurely on level 
ground. Sodium excretion was markedly 
diminished in two cardiac subjects who had 
a fall in filtration rate with exercise and not 
in a cardiac patient whose filtration rate 
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did not decrease with exercise. This seemed 
to fall in line with our hypothesis. But 
Kattus et al. 36 demonstrated a fall in sodium 
excretion with exercise in normal subjects 
who had no decrease in filtration rate 
although they did find a somewhat greater 
decrease in sodium excretion in their cardiac 
subjects who had a diminished filtration 
rate with exercise. It appears that there may 
be a mechanism for sodium retention during 
exercise which is partially if not entirely 
independent of the filtration rate. As 
already pointed out, the errors in inulin 
clearance are great and Kattus’ 36 studies 
can be evaluated better when the data are 
published in detail. 

The foregoing experiments do not ac- 
count for the patients who have heart 
failure with high resting cardiac outputs 
such as those with anemia, thyrotoxicosis 
and beri-beri. Heart failure is rare in resting 
anemic subjects with normal kidneys and 
no heart disease. Bradley 37 found that 
anemia results in a low renal blood flow. 
We 5 found that the renal blood flow is 
reduced but the renal plasma flow is rela- 
tively normal except in very severe anemia 
because of the relatively high proportion of 
plasma in anemic blood. The filtration rate 


is unaffected. In thyrotoxicosis the cardiac 
output varies directly with the basal met- 
abolic rate. (Fig. 1.) All those with heart 
failure have a high cardiac output. Most of 
those who have congestive heart failure 
exhibit slight increases in the cardiac output 



Fig. 2. Despite the high cardiac index the renal 
plasma flow and filtration rate are decreased to 
one-fourth and one-half normal levels, respec- 
tively. As the BMR fell and the renal plasma flow 
rose above 200 cc./min., the filtration rate rapidly 
became normal. The renal plasma flow ap- 
proached normal more gradually. 

as they become compensated, suggesting 
that a slight decrease occurs as they go into 
failure. 38 Most of them become compen- 
sated at absolute bed rest. These have a 
normal or high renal plasma flow and 
filtration rate. 39 Occasional patients con- 
tinue to have failure at rest. We have studied 
one of these and the results are shown in 
Figure 2. Both renal plasma flow and filtra- 
tion rate were reduced just as in other cases 
of chronic congestive failure despite the 
high cardiac index (cardiac index = cardiac 
output per square meter body surface). As 
the BMR fell with administration of Lugol's 
solution and propylthiouracil, the filtration 
rate rose sharply and the renal plasma flow 
increased at a somewhat slower rate. Ob- 
taining multiple data on the cardiac output 
was impossible because of limited veins of 
sufficient size, but it is fair to assume that 
the cardiac output fell as the BMR fell just 
as it did in Brannon’s patients. 

Thus we find that as the metabolic 
demands of the tissues decrease the renal 
plasma flow and filtration rate rise in severe 
thyrocardiac patients. Since the metabolic 
demands of the tissues become greater in 
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exercise, the renal plasma flow decreases. 
This decrease is greater in cardiacs than 
in normal subjects and the former also have 
a fall in filtration rate. Since cardiac sub- 
jects have only limited ability to increase 
the cardiac output with exercise, it appears 
from these data that when the patient can- 
not increase his cardiac output sufficiently 
for tissue metabolic needs the kidney shuts 
down. The kidney functions fairly ade- 
quately until its blood supply decreases to 
about 20 per cent of normal. 40,41 The shunt- 
ing of blood to more delicate tissues such 
as the brain may be a very useful thing in 
times of stress such as shock and heart 
failure. 

The mechanism of renal shutdown in 
response to an “inadequate” cardiac output 
is of great interest because knowledge of it 
may throw light on some of the fundamental 
processes in heart failure. Several possibili- 
ties exist. It could be under sympathetic 
control, it could be mediated through one 
of the renal hormones or it might be set off 
by some other hormone or metabolite. 

It is known 42 that cardiac output may 
drop as much as 20 per cent if an individual 
stands motionless at an angle of 60 degrees 
with the horizontal. The renal plasma flow 
and filtration rate diminish proportion- 
ately. 43 This phenomenon resembles what 
happens in heart failure except that Smith 
has found the filtration fraction to be normal 
as a result, he suggests, of afferent arteriolar 
constriction. However, the filtration fraction 
(per cent of renal plasma flow which is 
filtered, normally 20 per cent) may be low 
because of the fall in blood pressure which 
occurs. 

To test the role of the sympathetic nervous 
system in these phenomena we 44 tilted a 
patient with hypertension who had had 
a Smithwick sympathectomy. Absence of 
sweating indicated that the sympathetic 
nervous system had not regenerated. Despite 
the loss of sympathetic innervation the 
same changes in renal hemodynamics oc- 
curred as in the normal individual. This 
was true, too, of a patient with orthostatic 
hypotension who also failed to sweat below 


36 1 

the fourth dorsal segment. Neither patient 
had a significant fall in blood pressure so 
the renal changes cannot be attributed to 
that. 

Further evidence that the sympathetic 
nervous system is not involved was ob- 
tained by producing spinal anesthesia above 
the fifth dorsal segment in three subjects 
with congestive failure and diminished 
renal plasma flow. No increase in renal 
plasma flow was effected. 44,43 Since the 
possibility existed that the kidney blood 
flow could not increase after so prolonged 
a shutdown, we gave them 0.72 Gm. 
aminophylline intravenously to increase the 
cardiac output. 46,47,48 The cardiac output 
rose from 100 to 300 per cent and the renal 
plasma flow increased as much as 40 per 
cent without very much rise in blood pres- 
sure. In addition to this the fact that the 
renal plasma flow returned to normal in the 
thyrotoxic patient described above points 
to its ability to do so in other types of failure. 
Thus, the sympathetic nervous system is 
fairly effectively eliminated. 

As mentioned above, renin is found in 
the renal venous blood of cardiac subjects 
and not in that of normal individuals. One 
cannot exclude renin as the cause of these 
phenomena but the evidence for it is not 
conclusive. 

The posterior pituitary secretion could 
cause the reduction in renal plasma flow. 
The great difficulty in assessing its role is 
that the substances secreted by the pars 
intermedia of the pituitary are not known. 
Pitressin, pitocin and pituitrin all may well 
be artificial substances created by the 
chemicals used in their isolation. Therefore 
direct experimentation with these materials 
might have little significance. 

Five patients who stood motionless at a 
60 degree angle with the horizontal had 
striking decreases in the renal plasma flow 
and filtration rate, with a marked fall in 
sodium or chloride excretion. (Table 1 .) The 
latter persisted for the period following the 
return to a horizontal position in one patient 
in which it was measured and in all of 
Brun’s patients. 49 The plasma flow did not 
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return to normal for fifteen or more minutes. 
Blood fromBrun’s patients produced marked 
decrease in urine volume in the recipients. 
The urine chloride excretion per minute was 
decreased in one patient and remained the 
same in another. The renal plasma flow and 


what the sodium excretion and renal plasma 
flow did in the patients with diabetes in- 
sipidus because it would assist in determin- 
ing the cause of the various phenomena 
which occur in the kidney with motionless 
standing and might help to define the role 


Table i 


THE MECHANISMS OF SALT AND WATER RETENTION IN HEART FAILURE 


Patient 

1 

1 

Diagnosis 

Posi- 

tion 

1 

i 

1 

Time 

(min.) 

Renal 

Plasma 

Flow 

Filtra- 

tion 

Rate 

Filtra- 

tion 

Fraction 

Urine 

Volume 

Sodium 

Excretion 

Concen- 

tration 

Sodium 

Reab- 

sorbate 

ml. per 1.73 
sq.m, per min. 

per cent 

) 

ml. per 
min. 

m.Eq. per 
1.73 sq.m, 
per min. 

m.Eq. 
per L. 

W. M. R. 

Normal 

Flat 

10.0 

564 

140 

24.9 

13.2 




1 


10.1 

579 

144 

24.9 

14.1 

.164 

165.5 




9.9 

548 

131 

23.9 

14.4 

.168 

168.8 



Tilted 

15.0 

437 

119 

27.3 

10.1 

.117 

163.5 



Flat 

15.0 

379 

113 

29.7 

5.26 

.028 


K. D. 

Diabetes 

Flat 

10.2 

481 

121 

25.2 

10.2 




(controlled) 


10.1 

467 

109 

23.4 

10.6 

.128 

158.0 




9.7 

455 

109 

24.0 

10.9 

.131 

158.5 



Tilted 

15.0 

373 

112 

29.9 

10.0 

.099 

157.0 




15.0 

226 

72 

31.8 

4.4 

.024 

151.7 

C. P. 

Asymptomatic 

Flat 

15.0 

868 

147 

16.9 

5.9 




neurosyphilis 


15.0 

746 

148 

19.8 

10.6 

.222 

157.1 




15.0 

763 

133 

17.5 

12.1 

.193 

161.1 



Tilted 

14.8 

558 

121 

21.7 

8.6 

.108 

155.0 

1 



15.2 

255 

63 

24.6 

1.6 

.016 

148.6 



Flat 

15.4 

386 

89 

23.0 

0.39 

.027 

145.7 

J. M. W. 

Gonococcal 

Flat 

15.0 

706 

138 

19.5 

10.0 




arthritis 

1 

15.0 

718 

124 

17.3 

11.2 




(convalescent) 


15.0 

664 

129 

18.6 

10.7 

.107 

159.5 



Tilted 

15.0 

522 

134 

25.7 

9.7 

.082 

156.6 




15.0 

398 

121 

30.7 

5.46 

.022 

146.7 




15.0 

504 

120 

23.7 

4.07 

.015 

146.0 

D. L. D. 

Asymptomatic 

Flat 

14.0 

641 

138 

21.5 

6.2 




neurosvphilis 


15.0 

556 

127 

22.8 

9.0 

.165 

158.3 


with serologic 


15.0 

496 

135 

27.1 

9.55 




I relapse 

Tilted 

15.0 

526 

127 

24.1 

9.8 

.144 

159.8 




15.5 

463 

114 

24.6 

• 5.75 




| 

; 

14.5 

417 

107 

25.2 

2.1 

.061 

149.5 


filtration rate were not measured in the 
recipient. These authors believed that some 
of the changes were produced by the 
posterior pituitary because less pronounced 
changes occurred in patients with diabetes 
insipidus. It would be interesting to know 


of the posterior pituitary in heart failure. 
With the data at hand it is not possible to 
make any definite statement. 

The possibility that increased adrenal 
cortical secretion might cause the fall in 
renal plasma flow in heart failure has been 
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suggested. This seems unlikely since Hell- 
man et al. 50 showed that the adrenocortico- 
tropic hormone will increase the renal 
plasma flow when the latter is diminished 
in Simmonds’ disease. We 51 have given 
adrenocorticotropic hormone to two normal 
subjects without any appreciable change in 
renal plasma flow or filtration rate. Also, 
White, Heinbecker and Rolf 52 have demon- 
strated that adrenal cortical extract plus 
desoxycorticosterone acetate will partially 
alleviate the reduction in renal plasma flow 
and filtration rate in adrenal deficient dogs. 
However, they did not increase the diodrast 
T m which was also low. The diodrast T m 
is not reduced in constrictive pericarditis 
with heart failure. 53 Furthermore, in Addi- 
son’s disease the filtration rate is reduced to 
a greater degree than the renal plasma flow, 
whereas the reverse is true in heart failure 
whether the venous pressure is high or 
normal. Evidence will be given below for a 
marked increase in adrenal cortical secre- 
tion. This eliminates the possibility that a 
deficiency of that hormone plays a part in 
heart failure. Neither can the increase be 
responsible for the renal plasma flow changes 
for the reasons already given. 

White, Heinbecker and Rolf have elimi- 
nated increased or decreased thyroid and 
ovarian secretion as the cause of the type of 
renal change seen in heart failure. They 
were not able to rule out a decrease in a 
special “renotropic” hormone in the anterior 
pituitary. Deficiency of such a substance 
offers an attractive hypothesis, as it might 
• be more or less automatically reduced in 
concentration by a fall in cerebral blood 
flow. No positive evidence of such a sub- 
stance has appeared thus far although 
certain negative evidence points to its 
existence. 52 

For the sodium retention in heart failure 
several possible causes exist. The sympa- 
thetic nervous system seems effectively 
ruled out. The filtration rate asa mechanical 
factor may be important. The clinical 
relationship between salt retention and the 
level of filtration rate has already been 
shown, although it is true that both could 
march, 1949 


363 

be due to some other related or common 
cause. In acute glomerulonephritis salt and 
water retention may occur, presumably due 
to a low filtration rate. If adrenal cortical 
hyperactivity could be ruled out, this offers 
a particularly good situation for demon- 
strating the importance of filtration in 
sodium excretion. Conn has shown that the 
sweat sodium is a good index of the activity 
of the sodium-retaining hormone of the 
adrenal cortex. The sweat sodium is low in 
Cushing’s disease (hyperactivity of the 
adrenal cortex) and high in Addison’s 
disease (low activity of the adrenal cortex). 
No overlapping was demonstrated. We 
have found the sweat sodium to be normal 
in four of five cases of acute glomerulo- 
nephritis with edema 55 and low in the fifth 
patient. Thus, the normal sweat sodium 
concentration constitutes good evidence 
that the adrenal cortex plays no consistent 
role in the sodium retention of acute 
glomerulonephritis and suggests that re- 
duced filtration rate may result in salt 
and water retention. Further evidence is 
needed before this can be considered 
settled. A patient with rheumatic heart 
disease and chronic heart failure was fol- 
lowed for three years with four different 
series of renal studies and consistently had 
a moderate reduction in renal plasma flow 
to 348 and a striking reduction in filtration 
rate to 49 cc. per minute. The low filtration 
fraction is the reverse of what is expected in 
heart failure and it was thought that she 
had a healed glomerulonephritis with the 
low filtration rate which may accompany 
it . 56,57 Ordinarily sodium retention docs not 
occur in heart failure at rest with a renal 
plasma flow above 200 to 225 cc. per min- 
ute. The fact that in spite of the above this 
patient had to have mercurial diuretics 
twice a week, although she did no work, 
points to a filtration factor operating in her 
sodium retention. One other patient with a 
renal plasma flow of 253 cc. per minute and 
a filtration rate of 65 cc. per minute with 
a normal sweat sodium aiso had chronic 
sodium retention. This patient had been 
studied twice, with the same results. These 
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findings again indicate a filtration element 
in the sodium retention of heart failure. 
The fact that a very low renal blood flow 
and filtration rate may occur in renal 
disease without edema is not opposed to 
this idea. In renal disease the tubules may 
also be damaged and unable to handle 
sodium normally, 58-39 whereas in heart 
failure most tubular functions other than 
diodrast T ra are normal. 2,40 

We now have four patients, three with 
low filtration rates and chronic .heart failure 
who have very low sweat sodium concentra- 
tions. 60 Five subjects with less severe failure 
with relatively normal filtration rates have 
normal or high sweat sodium concentra- 
tions, indicating that the adrenal cortex 
comes into play in heart failure very late. 
We were unable to demonstrate any ap- 
preciable change in the sweat sodium con- 
centration with exercise. Thus hypoactivity 
of the adrenal cortex cannot account for 
relatively normal resting renal blood flow 
and filtration rate in patients with heart 
failure, although it may be that there is a 
lag between stimulation of the adrenal 
cortex and the change in sweat sodium con- 
centration. It is likely also that adrenal 
cortical stimulation occurs in coryza and 
other infections and injuries which are 
known to increase failure in the cardiac 
patient. In fact the sweat sodium of one 
severe cardiac patient with a low sweat 
sodium fell to one-half its previous level 
when the patient developed a skin infection 
of the cubital fossa. 51 

One more possibly major factor will be 
considered in the edema of heart failure — 
the antidiuretic hormone of the pituitary. 
It is not believed that this alone can produce 
sodium retention, and water retention per se 
docs not usually produce edema. However, 
if a severe cardiac subject is rendered 
partially free of edema with mercurial 
diuretics, he may then become apparently 
unresponsive to mercurial diuretics. If 
mercurial diuretics are continued, the 
blood sodium will gradually fall. In one of 
our patients it reached a value of 118 
m.Eq./L. and in another 114 m.Eq./L. 


(our normal = 137 to 143 m.Eq.). Despite 
this, in both no water diuresis occurred 
although sodium excretion was increased 
about tenfold and she was still edematous. 
Several possibilities exist to explain this: 
the antidiuretic hormone of the posterior 
pituitary could be responsible; the normal 
balance between the proximal and distal 
convoluted tubules could be disturbed by 
the mercury which apparently acts on the 
proximal convoluted tubules only; or it is 
possible that a disturbance in intracellular 
electrolyte metabolism may be involved. 
It is not definitely known that such a dis- 
turbance can produce edema. That in- 
tracellular electrolyte imbalances may en- 
hance heart failure has been demonstrated 
in animals. Desoxycorticosterone may cause 
sodium retention with potassium loss pro- 
ducing areas of myocardial necrosis and 
heart failure. 61,62 The same thing is thought 
to occur in other types of sodium retention 
and potassium deficiency and could occur 
in a cardiac subject with sodium retention 
and superimposed potassium deficiency due 
to nausea and low intake. In such states 
the patient may become irrational. In 
cardiac delirium relief of massive edema 
with diuretics usually produces improve- 
ment. This is probably not due to improve- 
ment in cerebral circulation since the 
cardiac output does not change appreciably 
under these circumstances. The change 
could be caused by correction of an intra- 
cellular electrolyte imbalance. 

The question is frequently asked, Is salt 
and water retention useful in heart failure 
or is it an error of metabolism? Landis 63 
thinks that it is beneficial in the standing 
cardiac subject but that it may be dangerous 
when the patient lies down. Starling, 64 
Borst 65 and McMichael 66 all believe it to be 
a good thing and essential to maintenance 
of the cardiac output or the most favorable 
blood volume possible under the circum- 
stances. They all accept the thesis that 
cardiac output is very sensitive to the level 
of atrial filling pressure, increasing as the 
latter increases until severe failure sets in at 
which time the cardiac output falls. Within 
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wide limits Warren, Stead, Weens and 
Brannon 67, 68 have been unable to demon- 
strate this relationship. Marked increases 
in atrial pressure as a result of rapid saline 
infusions and marked decreases from rapid 
withdrawal of venous blood did not change 
the cardiac output. For this reason we are 
inclined to take the view that salt and water 
retention is an error of metabolism. We 
believe that the renal blood flow shutdown 
mechanism and salt and water retaining 
mechanisms may be useful in combatting 
the low cardiac output of shock or perhaps 
simply in assisting in the adjustments to the 
low cardiac output of standing. In these 
cases a low cardiac output does result from 
a low circulating blood volume and salt and 
water retention would be useful. In cardiac 
failure low cardiac output results from 
intrinsic heart disease and we should not 
expect the rise in venous pressure to change 
this condition. As a matter of fact, elimina- 
tion of excess salt and water and high venous 
pressure with mercurial diuretics produces 
no appreciable change in cardiac output 
and renal hemodynamics of the patient. 
Furthermore, clinically the patient seems 
greatly improved and no inconvenience is 
noted in either the horizontal or vertical 
position. The nearer the blood volume and 
venous pressure arc brought to normal, the 
better the patient feels although his cardiac 
output remains essentially the same. One 
would expect him to feel worse if the rise in 
blood volume and venous pressure were 
useful. 

SUMMARY 

The concept is proposed that edema in 
heart failure is caused by retention of salt 
and water produced by a diminished ability 
of the kidney to excrete salt and water. 
This disturbance in the kidney is the result 
of an inadequate cardiac output which is 
both relatively and absolutely reduced in 
patients who have chronic cardiac edema 
at rest, and is relatively reduced as compared 
with general or specialized tissue demands 
in other cardiac subjects with edema, i.e.. 
those who fail with exertion, hvpcrthyroid- 
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ism, anemia or beri-beri, and who may have 
a normal or elevated resting cardiac out- 
put. The inadequate cardiac output, through 
one or more mechanisms, causes the kidney 
to excrete less salt and water. It also pro- 
duces a reduction in renal plasma flow 
and filtration rate by a contraction of the 
efferent arterioles of the kidney effected by 
some humoral substance. The reduced 
filtration rate corresponds closely to the 
reduction in sodium excretion and evidence 
is presented which indicates that the 
lowered filtration rate may be one of the 
causes of the reduction in sodium excretion. 
In advanced stages of heart failure the 
reduction in salt and water excretion is 
probably produced by at least two other 
means — the adrenal cortex is definitely 
stimulated and the pars intermedia of the 
pituitary probably also plays a part. Much 
work needs to be done to evaluate the role 
of these various factors both in renal hemo- 
dynamics and sodium excretion. Too little 
is known of the effect of changes in the 
intracellular electrolytes on edema forma- 
tion and cardiac physiology to warrant any 
speculation as to the part taken by them. 
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Clinic on Psychosomatic Problems 


A Case of Duodenal Ulcer with Anxiety 
Attacks Treated by Psychotherapy 

T he clinics are designed to bring out psychosomatic relationship's both in symptoma- 
tology of the patient and in the organization of the hospital. Reports are directed 
by Drs. Stanley Cobb and Allan M. Butler and are edited by Dr. Henry H. W. Miles. 

This is a report of a staff meeting of the Psychiatric Service of the Massachusetts General 
Hospital. The preparation of these psychosomatic case histories receives support from the 
Josiah Macy, Jr., Foundation. 


Dr. Avery D. Weisman: L. F., No. 
518808, a thirty-year old farm worker was 
admitted to the hospital complaining of 
attacks of palpitation for the past three 
months and of epigastric pain previously 
diagnosed as duodenal ulcer since the age 
of fifteen. 

The first anxiety symptoms occurred 
while the patient was convalescing in a 
hospital from a minor back injury which, 
according to his wife and the family doctor, 
had been unduly disabling. There was a 
sudden onset of faintness, palpitation, an 
“alarming sensation” in his chest and dread 
of death. The attack lasted two days after 
which he remained in the hospital three 
weeks because of a severe headache follow- 
ing lumbar puncture. After discharge he 
felt too weak to return to work. 

During the next two months there were 
three more severe anxiety attacks, each 
with the same apprehensiveness and fear of 
death. An intense desire to defecate pre- 
ceded and accompanied each spell. With 
the last episode the patient suddenly fainted. 
His wife described him as pale and sweaty, 
with no tonic or clonic movements. 

The patient had first noted epigastric 
pain and a sensation of constriction about 
the lower chest when he was fifteen years 
old. The symptoms were relieved by belch- 
ing and by eating and were definitely 
related to emotional upsets. A positive 
diagnosis of duodenal ulcer was made five 
years later, and for a year he followed a 
bland diet with relief of symptoms. He then 
began using alcohol regularly and the ulcer 


symptoms recurred. They continued inter- 
mittently from that time on, with a number 
of severe exacerbations including a hemor- 
rhage, in temporal relationship to troubles 
with his first wife. The patient was hos- 
pitalized many times because of his ulcer. 
One year before the present admission a 
laparotomy had been performed for sus- 
pected perforation but none was found. At 
that time he had had financial difficulties 
and his wife had been sick. The patient 
was aware of the relationship between 
situations and his ulcer symptoms, saying: 
“When things go bad, my ulcer goes bad.” 
He had noticed that during the anxiety 
attacks his abdominal pain disappeared, 
and this only frightened him more since he 
interpreted the absence of pain as a sign 
of imminent death. 

Past medical history included the usual 
childhood diseases and otitis media at the 
age of fourteen. He had had a large number 
of accidental injuries and various fractures. 
Eight years before the present admission he 
was said to have had pulmonary tuber- 
culosis and was treated by pneumothorax. 
Subsequent x-rays had all failed to show 
evidence of an active lesion. 

Social history disclosed many factors 
associated with the patient’s symptoms and 
behavior patterns. He was tlie youngest of 
three children born to an alcoholic ne’er- 
do-well father and a promiscuous mother 
who separated when the patient was eight- 
een months old. The elder siblings were 
sent to foster homes but the patient was 
placed in a large state institution where 
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homeless children had to mingle with 
cretins, epileptics and idiots. He was un- 
happy and fearful there. He was afraid of 
the dark and afraid of strangers. He walked 
in his sleep, had nightmares and enuresis. 
There were also gastrointestinal symptoms 
such as anorexia, food-fussiness and vomiting. 

In the institution discipline was severe 
and beatings were customary. When the 
patient first developed abdominal pain, he 
did not ask for medical attention for fear of 
added punishment. He remembered that 
some of the feeble-minded boys ate in an 
offensive manner, gulping their food like 
animals and sometimes drooling into their 
bowls. At times he became so disgusted, 
angry and rebellious that his pain increased 
markedly and he vomited. If seen by an 
attendant, he was forced to eat his vomitus. 

Finally when he was nineteen he got 
into a fight with an attendant and was 
trying to kill him when other guards inter- 
vened. He then ran away but was soon 
apprehended. A sympathetic judge paroled 
him to a farm for two years where he was 
fairly happy. 

At the age of twenty-one he set out to 
find his parents only to discover that he 
could not get along with either of them. 
Then followed a period of wandering about 
the country doing unskilled labor. For a 
few weeks he worked for a farmer, becoming 
very fond of the latter’s wife, whom he called 
“mom.” He felt as if he had found a home 
and was bitterly disappointed when the 
farmer discharged him. He vowed that 
someday he would return and take his 
“mother” to live with him as she had con- 
fided that she was unhappy with her 
husband. Several years later when he 
returned to New England she left her 
husband and came to stay with the patient 
and his wife. 

The patient was married when he was 
twenty-five and was sorry almost immedi- 
ately. He suspected that his wife was un- 
faithful but never voiced his suspicions. 
Eighteen months later he left her without 
trying to get a divorce. During the brief 
marriage he was in and out of hospitals 
march, 1949 


3 6 9 

chiefly because of ulcer symptoms and also 
for injuries sustained at work. After leaving 
his wife he was depressed and lonely and 
became a hobo, working only enough to 
buy liquor which he drank to excess. 
Stirred by the attack at Pearl Harbor he 
enlisted in the Marine Corps but was dis- 
charged two months later because of the 
duodenal ulcer. During this brief service he 
was in trouble for impulsively striking a 
non-commissioned officer. 

He then formed a bigamous relationship 
with a farm girl who became his common- 
law wife. They hitch-hiked around the 
country for a year with no ties and no 
responsibilities (“the happiest period of my 
life”) and finally settled in New England. 
They had two children, and after the birth 
of the second the patient’s adopted mother 
came to live with them. The patient’s wife 
worked and became fairly successful finan- 
cially while he remained an unskilled 
laborer. 

Physical examination revealed a muscu- 
lar, well proportioned man who was tense 
but not acutely ill. The only findings of 
significance were a right pararectus scar, 
slight epigastric tenderness and loud peri- 
staltic sounds. 

Urinalysis and complete blood count 
were normal. The Hinton test was negative, 
and three stools were negative for occult 
blood. Electrocardiogram and electroen- 
cephalogram were considered normal. The 
basal metabolic rate was —17. Chest x-ray 
revealed an area of increased density in the 
right apex, apparently an old, healed tuber- 
culous infection. X-ray examination of the 
gastrointestinal tract showed prominent 
gastric rugae but no evidence of a gastric 
lesion. The duodenal cap was constantly 
deformed and a persistent fleck of barium 
indicated an active ulcer crater. 

The patient remained five weeks in the 
psychiatric ward during which time there 
were twenty-eight therapeutic interviews 
of an hour each. In describing the setting of 
the first anxiety attack the patient brought 
out feelings of helplessness associated with 
fear that his back had been injured perma- 
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nently. He had been worried over his 
financial straits and had fantasies of wife 
and children being left destitute should he 
die. There were also fears that his first wife 
would locate him and prefer charges of 
bigamy. A strong feeling of dependence 
upon his second wife was expressed. The 
associations then led back to experiences in 
the institution where the boys were fre- 
quently whipped on the buttocks. They 
were made to line up and bend over, and 
while waiting his turn the patient sometimes 
defecated involuntarily. He also recalled 
that one of the matrons used to punish by 
inserting a short stick, smeared with laundry 
soap, into boys’ rectums. This produced 
cramps and defecation. (It is interesting 
how this material correlated with the desire 
to defecate associated with the anxiety 
attacks, and with the patient’s impulsive 
outbursts when startled by an approach 
from the rear.) 

It was pointed out that his feelings of 
being helpless and afraid in the face of 
current life situations were associated with 
the anxiety attack, and that the latter, 
essentially, was the physical expression of 
fear, helplessness or apprehensiveness. Fur- 
ther discussion of the anxiety symptoms 
utilized current material. After an anxiety 
attack one night in the ward he told of 
feelings of disappointment that his wife had 
failed to visit him and his uneasiness because 
he could not reach her by telephone. His 
associations went on to fantasies of being 
attacked by a fearful animal and of being 
dead. (Being left alone, i.e., “helpless,” 
stirred up his anxiety.) 

The ulcer symptoms were then investi- 
gated and the patient recalled that his first 
abdominal pain was associated with fanta- 
sies of smashing the skull of a hated gym 
instructor at the institution. He talked about 
various men in his life who have tried to put 
things over on him. “When they seem to 
be decent, then they fail me.” Later he 
expressed doubts about his treatment and 
had fantasies that the therapist did not wish 
to help him. This distrust was discussed in 
the light of past feelings. His own words 


were used to illustrate: “Men I trust put 
me behind the eight-ball.” The patient 
accepted the interpretation, admitting that 
consciously he knew his misgivings were 
unrealistic. 

V arious periods in his life when the ulcer 
symptoms had been either severe or in 
remission were taken up in detail. They 
were very bad during his first marriage. 
He knew his wife was unfaithful and he was 
very unhappy but was unable to do any- 
thing until he actually caught her with 
another man. Then he simply walked out 
without seeking legal recourse. He endured 
the unhappy relationship because of a 
longing for a companion and a home, “things 
I’d never had before.” He also spoke of his 
adopted mother. “She was the first woman 
I could ever talk to.” He felt well while 
staying with her and her husband but then 
the latter became jealous and got rid of him. 
The ulcer symptoms returned promptly'. 

A ward incident then furnished utilizable 
material. He was forbidden to play poker 
and was much angered by the nurse’s 
“superior attitude”; his ulcer pain returned 
temporarily. In discussing the incident his 
associations led back to memories of the 
institution where he was helpless in the face 
of brutal authority. (Impotent rage in reac- 
tion to the threat of force seemed to be the im- 
portant emotion.) Interpretation was made 
that his feeling of being abused led to rage 
and feelings of insecurity and that these 
were associated with the ulcer symptoms. 

Another time the patient became angry 
because there was fish for lunch. It was a 
food he detested and he developed a pain- 
ful, “tight feeling” in the lower chest. Again 
the associations led to his disgust with the 
food at the institution and his impotent 
anger. It was pointed out to him how in 
many ways he still reacted emotionally as 
he did long ago. He accepted this interpre- 
tation but then asked: “Why do I do it? 
Why can’t it all come out — and get it over 
with?” 

A number of interviews were devoted to 
investigation of his numerous hospitaliza- 
tions and injuries and it seemed clear that 
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several were escape reactions at times when 
the patient could not cope with his prob- 
lems. He told of his sexual experiences and 
said that he was once supported for three 
months by a prostitute. The fact that she 
preferred him to all the other men made 
him proud of his sexual ability, and it was 
noted that during this period his ulcer was 
asymptomatic. He expressed guilt over his 
behavior during the first marriage, saying 
that if he “had been a man” he would have 
insisted on a divorce. He had had fantasies 
of killing his wife and her lover but actually 
could not bring himself to do anything at 
all except walk out. (It was evident that the 
patient had strong feelings of dependency 
and could not wholly accept them. When 
his dependent needs were satisfied, his ulcer 
symptoms were better; when there was a 
conflict, the symptoms became worse.) 

At this point in therapy the patient was 
presented at a staff conference. Sympto- 
matically, he had improved considerably 
although a repeated gastrointestinal series 
showed the ulcer crater unchanged in size. 

Presentation oj the Patient. The patient 
entered the conference room with an air of 
composure. A slight tremor in the voice and 
some tenseness of posture were the only 
evidences of nervousness. Considering his 
social and economic background his choice 
of words and manner of speech were re- 
markably good. He answered questions 
without hesitation or embarrassment and 
seemed anxious to make a good impression. 

DISCUSSION 

Dr. James A. Halstead: Has he not had 
long remissions when his stomach was 
better? 

Dr. Weisman: He has had a number of 
periods of security — when he lived with 
the woman who was his adopted mother, 
and with his second wife going around the 
country without responsibility; also at 
other times when he met older women who 
supported him. He worked once for an 
older doctor and was well then. 

Dr. Halstead: I performed a gastro- 
scopy on him. The mucosa was absolutely 
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normal; there was no increased redness. 
About 50 per cent of the people with an 
active ulcer will show changes of the 
mucosa. The x-ray does show an active 
ulcer even though his symptoms are now 
inactive. 

Dr. Jacob E. Finesinger: Did you make 
any interpretations to him? 

Dr. Weisman: Only by throwing tilings 
back at him, reminding him of something 
he had said before. 

Dr. Edward Hitschmann: Such people 
are described in the literature. They have 
no ideal in childhood. Usually they develop 
into psychopaths or occasionally criminals. 
They have no mother and cannot identify 
with an honest father. This question is im- 
portant here; and I fear that unless we hear 
more about his character and his morals, 
we will be unable to understand the mech- 
anisms of his neurosis, because these 
people are not as clearly developed as the 
usual neurotic who has a conscience or 
superego. This case is more interesting be- 
cause ulcer beginning at fifteen is rare. He 
may now have changed his character so 
that he is capable of anxiety, self-reproach 
and guilt feelings. Such cases have been 
described as finally cured by a kind mother. 
There are some allusions to this possibility 
here. With such parents, I would name him 
a psychopath. 

Dr. Finesinger: How did his older 
brother turn out? 

Dr. Weisman: He seems more reliable 
than the patient although he gets mixed up 
in get-rich-quick schemes. 

Dr. Hitschmann: I do not believe that 
the anxiety is so important. Ask him about 
his conscience, whether he has guilt feelings. 

Dr. Weisman: His wife objects to his 
overabundance of guilt. He will go out with 
another woman and insists on coming home 
and telling about it. She objects to his little 
boy attitude of confessing and getting 
dispensation. 

Dr. Marianna Taylor: I should think 
of him as a psychopath. When you sec and 
hear him he seems effeminate and passive. 

Dr. Finesinger: There is a good deal in 
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that. He plans to go to California to open 
a gift shop because his wife and adopted 
mother want it. 

Dr. Henry M. Fox: Do you feel that 
what you have done will hold water when 
you send him out? How much depends 
upon his being in the situation of depend- 
ence on you? 

Dr. Weisman: When he had been in the 
ward a week or so he had to return early 
from a week-end because of anxiety. He 
was out last week-end and got along very 
well. He had an argument with a garage 
mechanic without any anxiety. 

Dr. Finesinger: Dr. Weisman tried to 
get relationships between symptoms and 
precipitating events. Today the patient is 
able to see the events associated with the 
ulcer and with the anxiety episodes. The 
question is what should be the next step 
therapeutically? What do you think about 
a fifteen-year old boy developing an ulcer? 

Dr. Halstead: It is unusual at fifteen to 
have an ulcer but not enough to rule it out. 
I also think he will have recurrences for a 
long time. 

Dr. Finesinger: In our few ulcer patients 
who have had typical neurosis the ulcer 
symptoms seemed to increase with anxiety 
symptoms, but here is one fellow whose 
ulcer seems to get better when he is anxious. 

Dr. Weisman: It depends upon the kind 
of anxiety. It is hard for the average indi- 
vidual to know when he is feeling anxiety. 
Is it not true that anxiety swallows up all 
sorts of affect and thus may mask a more 
specific type of emotion? 

Dr. Finesinger: The term anxiety is 
loosely used to describe a variety of con- 
scious feelings. It is also used, especially in 
psychoanalysis, to designate an unconscious 
feeling which is inferred to exist from specific 
actions of the patient. Tension states, 
feelings of general discomfit, feelings of 
avoidance, hesitation and frustration are 
among those considered as anxiety. It may 
be that intensification of feelings of this kind 
is associated with exacerbations in ulcer 
symptoms. We have limited, in this case 
presentation, the use of the term anxiety to 


the alarming sensations, feelings of dread 
and of fright that usually occur in attacks 
characterized primarily by cardiovascular 
symptoms. In anxiety attacks the sensations 
may be so disturbing and the patient’s 
attention focussed on them to such a degree 
that more subtle types of emotion are not 
experienced and reported. I believe that 
is the sequence of events occurring in this 
patient. 

Dr. Bernard Bandler: My feeling about 
the anxiety is that it may be prodromal to a 
psychosis, possibly to alcoholic psychosis. 
If he did have one, he might have hallucino- 
sis with emphasis on paranoid features. In 
terms of therapy, as long as Dr. Weisman 
continues with him, he should do fairly well. 
The danger is that he may be separated 
from the doctor. As long as he has confi- 
dence in his doctor he will continue to be 
better. 

Dr. Herbert Barry: This man has at 
least two and probably three disparate 
conditions. He has a typical psychopathic 
personality, almost a textbook picture. As 
such his statements must all be suspected. 
Psychopaths are notorious liars. The prog- 
nosis is bad. He will go to California and 
lose track of therapy and get into difficulties. 
He also has an ulcer. The third thing he 
has is anxiety neurosis which might be 
incipient psychosis. The attacks of anxiety 
are the chief reason he has been willing to 
stay on the ward. I would not be too hope- 
ful about the outcome. 

Dr. Finesinger: His is a complicated 
case. The striking thing is that this man up 
to a few months ago did not have frank 
anxiety symptoms. As to personality, I 
believe as we all do that he tends to the 
psychopathic side of the scale. Psychopathic 
personalities are usually characterized by 
the absence of feelings of guilt, even in the 
amount necessary for normal social con- 
formity. The lack of guilt is explained by 
the failure of the patient to identify in 
childhood with parents or other figures who 
furnish ideals for social behavior. This may 
be due to a disturbance in the capacity foi 
identification or to the absence of suitable 
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figures in the childhood environment. In 
contrast, patients with psychoneurosis or 
psychotic depressions have an undue amount 
of guilt feelings to which they react with a 
need for punishment. Often the symptoms 
fulfill this need. Anxiety symptoms may 
represent the fear of punishment. These 
patients have identified in childhood with 
parents who were too demanding or too 
strict. Thus too much guilt leads to neurosis 
or depressions; too little guilt leads to the 
development of psychopathic personality. 
In the treatment of psychopathic person- 
alities one of the goals is to “mobilize” the 
patient’s guilt feelings. When this occurs, 
anxiety symptoms may appear. The fact 
that this patient has frank symptoms of 
psychoneurosis makes me believe that the 
outlook is not so hopeless. To date he illus- 
trates the limitations of certain therapies. 
Can we go beyond pointing out a correla- 
tion between symptoms and situations? 
The thing to decide on is the next therapeu- 
tic move. Can we not do more? More 
insight? I am not sure if it is possible but 
it is worth trying. If he would stay, I would 
keep him until I had gone into the depend- 
ency problem. I would attempt insight 
therapy dealing with his dependency and 
his reactions to it. 

DISPOSITION AND FOLLOW-UP 

The patient stayed in the ward about a 
week longer and the interviews were directed 
toward the problem of his dependency. The 
exacerbation of symptoms which had re- 
sulted in the laparotomy was reviewed and 
it was suggested to the patient that the 
important factor at that time was that the 
whole load of caring for the family fell upon 
him. The following interpretations were 
made: Anxiety symptoms or illness (the 
ulcer) seemed to appear when he had to 
make independent decisions or assume 
responsibilities. (Examples of this reaction 
were cited from the interview material, as 
nearly as possible phrased in his own words.) 
It was pointed out how he had wanted 
someone to take care of him and had wanted 
no responsibilities. Actually this state could 
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be obtained in childhood, and a normal 
childhood was something he had missed 
and had always longed for. When his re- 
sponsibilities weighed upon him, anxiety 
resulted — the fear that he could not ade- 
quately cope with his obligations. One 
solution to the problem had been sickness 
(examples were given from the material 
showing how his ulcer symptoms and some 
injuries served this purpose.) It was pointed 
out, also, how his numerous fantasies and 
worries about disease suggested that if he 
could develop disease his problem might 
be solved, i.e., he could then be dependent 
in a legitimate manner. 

The patient did not agree with the inter- 
pretations but nevertheless left the hospital 
much improved. His anxiety was mild and 
the ulcer symptoms had disappeared. He 
went back to work and when seen a month 
later was still feeling well. He has not 
returned. A year and a half after discharge 
he reported that he was working regularly 
and did not feel the need for further 
treatment. 

SUMMARY 

A patient with a duodenal ulcer and 
anxiety attacks was treated by a conven- 
tional medical regimen (diet and antacids) 
and by brief psychotherapy. This case was 
selected to illustrate important points in the 
psychiatrist’s technic. Essentially what he 
did was to encourage the patient to talk 
freely, always with the emphasis upon 
emotionally charged topics, until the de- 
tailed material thus obtained provided a 
clear correlation between symptoms and 
repetitively recurring behavior patterns. 
This correlation was then pointed out to 
the patient, i.e., “interpreted.” It is impor- 
tant to note that the interpretations were 
not based upon preconceived theories of the 
psychiatrist but were in fact made only 
from the materia! produced by the patient 
in the interviews. 

It is believed that when the relationship 
between emotion-provoking events and the 
reactions of the patient are understood, a 
modification of the symptoms and improve- 
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ment of personal and reality adjustment 
may result. 

In this case the patient had good insight 
into the temporal relationship of symptoms 
and situations. His formula was: “When 
things go bad my ulcer goes bad.” This was 
true but he had been unaware of the basic 
conflict which was uncovered in the inter- 
views. On one hand he had an extreme 
desire for dependency and security and on 
the other a wish for freedom and no re- 
sponsibilities. In certain situations in which 
he could accept his dependent needs he 
got along without symptoms. Sometimes 
the conflict was “solved” by illness, either 


ulcer or anxiety attacks. The formula 
might then be expressed: “If I am sick, 
then I can be dependent legitimately.” 

A good doctor-patient relationship de- 
veloped in which the patient who had 
never had satisfactory relationships with 
men came to trust and depend upon the 
therapist. It is possible that a good deal of 
the success in this case depended upon this 
relationship. When such a patient finishes 
treatment and loses the sustaining therapist, 
one must keep in mind the possibility of a 
flare-up of symptoms. It may be necessary 
to continue seeing the patient at infrequent 
intervals for “supportive” interviews. 
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Pneumonia and Empyema* 

S tenographic reports, edited by Robert J. Glaser, m.d. and David E. Smith, Jr., m.d., 
of weekly clinico-pathologic conferences held in the Barnes Hospital, are published 
in each issue of the Journal. These conferences are participated in jointly by members of 
the Departments of Internal Medicine and Pathology of the Washington University 
School of Medicine and by Junior and Senior medical students. 


T he patient, A. M., (B. H. No. 
162439), was an eighty year old, 
unemployed, white male who en- 
tered Barnes Hospital on August 15, 1948, 
complaining of cough, chest pain, chills 
and fever. The family history revealed that 
the patient’s mother had died at the age of 
sixty-eight from a “stroke.” His father had 
had known tuberculosis for many years but 
died at fifty-two from carcinoma of the 
stomach. One brother had died at the age 
of sixty-two from cancer of the kidney. 
During his long lifetime the patient had 
enjoyed relatively good health until his 
latter years. He stated that he had had 
“head colds” every winter and for twenty 
years he had noted pain in the front of his 
chest which was unrelated to exertion and 
was never severe. During a similar period 
he had had dyspnea on moderate exertion, 
but at no time had he experienced orthopnea 
or paroxysmal nocturnal dyspnea. He had 
had some frequency and dysuria inter- 
mittently for a number of years. All of the 
symptoms listed had progressed only slightly. 
1 he patient had worked in a shoe factory 
until the age of seventy at which time he 
retired. 

Four years before admission to the 
hospital the patient had an upper respira- 
tory infection following which he developed 
a cough which persisted. The cough was 
productive of approximately one-fourth of 
a cup of grey mucoid sputum daily, but the 
sputum was never bloody: the cough was 
most severe in the morning, particularly 
during the winter. Over the course of the 
four-year period dyspnea on exertion gradu- 


ally increased until it became marked, and 
for three years the patient had rather per- 
sistent ankle edema. Five months before 
his admission to the hospital he came to the 
Washington University Clinics because of 
cough and dyspnea. Examination revealed 
signs which suggested cardiac decompensa- 
tion. A film of the chest showed a prominent 
shadow at the right hilar region. There 
were also increased markings at the right 
base which were thought to be compatible 
with pneumonitis. The patient was referred 
to the chest clinic. The hilar shadow was 
thought to be vascular in origin and a 
diagnosis of emphysema was made. Because 
of his urinary complaints, he was also 
referred to the genito-urinary clinic; no 
significant abnormalities were found. The 
patient was given medication for relief of 
his cough and he improved somewhat. 
While attending the clinic, however, he 
lost 20 pounds and became noticeably 
weaker. 

Four days before entry the patient fell 
into the river while fishing and swallowed 
a considerable amount of cold, muddy 
water. The two friends who had accom- 
panied him on the fishing trip were elderly 
and were unable to pull him out of the 
water; he was thus forced to remain 
partially immersed for about one hour. 
The return trip to his home consumed 
several more hours and by the time the 
patient arrived he had begun to have chills 
and to feel feverish. Soon thereafter he 
noted pain in the left lower chest which was 
pleuritic in character. His cough increased 
in severity and sputum became profuse 
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and discolored His symptoms grew worse 
and the pain spread to involve the entire 
thorax; it was particularly severe on the 
left side. One day before admission he 
coughed up a cupful of thick, brownish 
sputum. Because of his weakness and chest 
pain the patient found expectoration very 
difficult. He was seen by a physician who 
gave him an unknown amount of penicillin 
and apparently performed a thoracentesis 
but no information in regard to the pro- 
cedure could be obtained. 

On admission to the Barnes Hospital the 
patient’s temperature was 37.5°c., pulse 92, 
respirations 22 and blood pressure 90/50. 
The patient was a well developed but poorly 
nourished elderly male in moderate respira- 
tory distress lying flat in bed. He complained 
of pain in the left chest. The skin was pale. 
There was edema of the legs, sacrum and 
scrotum as well as of the lower left chest wall 
posteriorly. Edema was also noted in the 
left axillary region which was tender on 
palpation. The pupils reacted well to light 
and to accommodation. Examination of the 
fundi revealed narrowing and tortuosity of 
the arterioles. The nose and throat appeared 
essentially normal. The mouth was edentu- 
lous. The neck veins were not distended. 
The trachea was in the midline. Respira- 
tory excursion was unequal, being greater 
on the right than on the left and there was 
hyper-resonance to percussion over the 
right lung. The left side of the chest was 
dull to percussion from below the level of 
the fifth rib posteriorly and the second rib 
anteriorly. Over this area there was a loss 
of tactile fremitus, voice sounds were 
diminished and breath sounds were distant 
and tubular. Rales were heard at the right 
base. The cardiac borders could not be 
determined by percussion and the heart 
sounds were distant. No murmurs were 
audible. The rhythm was regular. Examina- 
tion of the abdomen revealed it to be held 
rather tensely but no organs or masses were 
felt. The inguinal rings were both large. 
The prostate was approximately twice 
normal size but rectal examination was not 
otherwise remarkable. Aside from absent 


knee and ankle jerks the neurologic ex- 
amination was within normal limits. 

Laboratory data were as follows: Blood 
count: red cells, 3,300,000; hemoglobin, 
7 Gm.; white cells, 11,200; differential 
count: juvenile forms, 10 per cent; stab 
forms, 36 per cent; segmented forms, 54 per 
cent. Urinalysis: albumin, negative; sugar, 
negative; centrifuged sediment, many white 
cells with numerous clumps. Urine culture: 
no growth. Stool: guaiac faintly positive. 
Blood Kahn test: negative. Blood culture: 
negative. Sputum smear: many cocci in 
pairs and clusters; sputum culture: Bacillus 
proteus and coliform organisms. Blood 
chemistry: non-protein nitrogen, 36 mg. 
per cent; total proteins, 4.8 Gm. per cent; 
albumin, 2.3 Gm. per cent; globulin, 2.5 
Gm. per cent; chlorides, 101 m.Eq./L.; 
carbon dioxide combining power, 26.6 
mEq./L.; calcium, 8 mg. per cent; phos- 
phorus, 4.7 mg. per cent; alkaline phospha- 
tase, 3 Bodansky units; acid phosphatase, 2 
King-Armstrong units; cephalin-cholesterol 
flocculation test, 2 + ; thymol turbidity, 2 
units; icterus index, 4.5 units. Prothrombin 
time: 44 per cent of normal. Coagulation 
time: three and one-half minutes. Bleeding 
time: one and one-half minutes. Blood 
indices: mean corpuscular volume, 115 cu. 
micra; mean corpuscular hemoglobin, 35 
gamma gamma; mean corpuscular hemo- 
globin concentration, 30 per cent. Electro- 
cardiogram: abnormal form of ventricular 
complex as evidenced by a low upright T 
wave in lead x and inverted principle com- 
ponents in leads xi and in. 

Respiratory isolation was instituted and 
the patient was given large doses of peni- 
cillin parenterally. Fluids were forced by 
mouth. Thoracentesis was performed and 
100 cc. of cloudy yellow fluid were removed. 
Examination of the fluid revealed large 
numbers of polymorphonuclear leukocytes. 
On culture B. proteus was recovered. No 
tumor cells were identified on microscopic 
examination of a ceil block section. On the 
day following entry the patient’s red cell 
count was 2,470,000 with 8 Gm. of hemo- 
globin. The white cell count was 5,750 with 
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a marked left shift in the differential count. 
Another sputum culture was reported as 
showing beta-hemolytic streptococci and 
coliform organisms. On the third hospital 
day a second thoracentesis was performed. 
Three hundred cc. of cloudy, greenish 
purulent fluid with a foul odor were ob- 
tained and 200 cc. of gas were also removed. 
The white cell count on the pleural fluid 
was 5,800 and culture revealed coliform 
organisms. Eighty thousand units of peni- 
cillin and 0.1 Gm. streptomycin were 
instilled into the pleural space. Following 
the procedure, the patient developed ex- 
treme weakness, cyanosis, gasping respira- 
tions and his pulse became thready. His 
blood pressure fell to 60/30. Large amounts 
of mucus were aspirated from the pharynx 
and trachea and oxygen was given by 
nasal catheter. The patient also received 
parenteral streptomycin, blood transfusions, 
caffeine, adrenal cortical extract and des- 
oxycorticosterone acetate. His condition 
remained essentially unchanged; tracheal 
suction was repeated as indicated. 

Dependent edema increased although 
the venous pressure was only 110 mm. of 
water and the neck veins were not dis- 
tended. During the fourth day the patient 
was noted to have developed stiffness of the 
neck and a lumbar puncture was performed. 
The initial pressure was 300 mm. of water 
and the final pressure 250 mm. of water, 
d he spinal fluid was entirely negative. 
During his hospital stay the patient’s blood 
pressure had never risen above 90/50. 
His temperature rose to a peak of 39.2°c. 
on the third day and fell gradually until 
death which occurred later on the fourth 
hospital day, August 19, 1948. 

CLINICAL DISCUSSION 

Dr. W. Barry Wood, Jr.: Before we 
begin our discussion of this case I should 
like to ask Dr. Grunow to comment on the 
x-ray films. 

Dr. Otto H. Grunow: A chest film 
taken on the day of admission showed that 
the cardiac silhouette was obscured by 
fluid which occupied the entire lower half 
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of the left chest. A lateral view of the chest 
showed a distinct fluid level superiorly and 
some areas of decreased density which were 
suggestive of encapsulated fluid. In the 
lateral view there was also evidence ol 
pneumonic infiltration in the posterior 
sulcus. 

Dr. Wood: In this case, in contrast to 
the situation which often obtains, we have 
a very excellent history. I particularly 
should like to read part of the present illness 
as it was described by a senior student who 
was a clinical clerk on the ward to which 
this patient was admitted: 

“The present illness proper began four 
days prior to entry when the patient and 
two friends went fishing in the country. 
He had had few complaints in the preceding 
few days and felt quite well. He accidentally 
stumbled, however, and fell head first into 
the stream, swallowing quite a lot of the 
rather muddy cold water. He regained his 
feet but could not climb back onto the bank. 
His friends, both elderly, were unable to 
pull him out and ran for help. Finally after 
about one hour, he was pulled from the 
water. Within a few minutes he began to 
have chilly sensations but no shaking chills. 
His cough became marked and was pro- 
ductive of a small amount of thick, brown 
sputum. It began to rain and the three men 
waited about an hour until the rain stopped 
before taking the bus back to the town 
in which they lived. The patient’s cough 
meanwhile became increasingly severe; 
he felt feverish and had mild shaking chills. 

“When he reached home, he was im- 
mediately put to bed and an electric heating 
pad was used for increased warmth. Within 
six or eight hours his lower left chest began 
to pain with each respiration and his mus- 
cles and joints ached. The cough continued 
to increase in severity and the sputum 
became gradually more profuse and browner 
(? rusty) in color. The chills increased in 
severity and frequency and the patient felt 
hot and sweated moderately. His tempera- 
ture was not taken. 

“He spent an extremely restless night 
because of the chest pain and cough, and 
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the following day was very weak and 
anoretic. He noted the onset of constant 
hiccoughs. His symptoms grew increasingly 
severe and respiration and cough became 
more painful because of chest pain. The 
pains gradually spread to cover both lower 
chest regions and radiated to both shoulders. 
Pain was most marked over the left chest. 
There was no nausea or vomiting and the 
patient was apparently not irrational at any 
time. On the third day his symptoms con- 
tinued unabated and he brought up about 
one cup of thick brownish sputum which 
was not foul. He felt extremely weak and 
found it difficult to cough because of weak- 
ness and chest pain. On the morning of the 
fourth day, he was brought to the Barnes 
Hospital by ambulance.” 

I believe that this very graphic and 
complete description of the present illness 
quite clearly points to the primary diag- 
nosis but since some of the problems in- 
volved are fairly complicated, it might be 
well to consider briefly each of the four 
phases of this man’s illness. The first phase 
began four years prior to his entry into the 
hospital and was characterized by cough, 
dyspnea and later edema. During the second 
phase the patient was seen in the clinic and 
the abnormal finding on the chest film was 
described for the first time. The third phase 
followed the patient’s falling into the stream 
and the final phase became apparent only 
after thoracentesis had been performed in 
the hospital. If we can interpret the clinical 
data correctly during each of these four 
phases, we should reach the correct diagnosis. 

Dr. Scott, this patient had complained of 
cough for four years and had produced 
rather copious amounts of sputum which 
had never been bloody; in addition, he had 
had dyspnea and for three years ankle 
edema. How would you explain these 
findings? 

Dr. Virgil C. Scott: In a patient of this 
age we should first consider emphysema. 

Dr. Wood: The radiologists seem to sub- 
stantiate your impression that the patient 
had emphysema. 

Dr. Scott: Second, there seems to be 


evidence of chronic inflammation of the 
bronchi which took the form of bronchitis, 
perhaps associated with bronchiectasis. 

Dr. Wood: Dr. Fiance, do you agree with 
Dr. Scott’s interpretation? 

Dr. I. Jerome Flance: Yes, I would 
certainly think that this patient had chronic 
bronchitis and probably bronchiectasis. 

Dr. Wood: If it is assumed that this pa- 
tient had both bronchitis and bronchiecta- 
sis, I should like to ask Dr. Goldman if he 
is disturbed by the absence of clubbing. 

Dr. Alfred Goldman: The absence of 
clubbing is somewhat disturbing and, like- 
wise, the fact that the patient did not have 
purulent sputum does not seem entirely con- 
sistent with the diagnosis of bronchiectasis. 

Dr. Wood: According to the history, 
the patient’s sputum was not purulent. 
Dr. Rouse, do you have any further in- 
formation regarding this point? 

Dr. Ernest T. Rouse: At no time were 
we able to elicit a history of purulent 
sputum. 

Dr. Goldman: In regard to the problem 
of bronchitis and bronchiectasis it should 
be emphasized that it is often very difficult 
to be certain whether the transition from 
bronchitis to bronchiectasis has occurred. 

Dr. Robert A. Moore: I would agree 
with Dr. Goldman in that regard. There 
is no distinct line pathologically between 
bronchitis and bronchiectasis. 

Dr. Wood: Dr. Goldman, what is your 
view in regard to the hilar mass which was 
described on the chest film taken when the 
patient was seen in the clinic? 

Dr. Goldman: I believe that the shadow 
represents a pulmonary vessel rather than a 
tumor. I do not believe that it is suggestive 
of bronchogenic carcinoma. 

Dr. Wood: Do you not think, however, 
that bronchogenic carcinoma deserves con- 
sideration in view of the patient’s weight 
loss and anemia? Dr. Grunow, what is your 
opinion? 

Dr. Grunow: It is often difficult on 
roentgen examination to differentiate a 
mass due to a large vessel from that due 
to a tumor. I believe, however, as docs 
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Dr. Goldman that in this particular case 
the shadow represents a vascular marking. 
Further, the fact that the hilar mass was 
on the right side and the patient’s subse- 
quent pulmonary lesion developed on the 
left side would seem to me to be against the 
diagnosis of tumor. 

Dr. Wood: Let us now consider the third 
phase of this man’s illness which began after 
he fell into the river. As you recall he 
developed chills, fever, chest pain and a 
cough productive of brown sputum. 

Dr. Harford, what lesion is usually 
associated with such a history? 

Dr. Carl G. Harford: Pneumonia. 

Dr. Wood: The story certainly suggests 
acute bacterial pneumonia. Can you tell us, 
Dr. Harford, something of the effects of 
immersion on pulmonary infection in gen- 
eral? What happens when a patient takes 
in a large amount of water as this patient 
apparently did? 

Dr. Harford: I have been interested in 
the effects of fluid on the susceptibility of 
the lung to infection by the pneumococcus. 
Very likely when this man fell into the 
water and “swallowed” a large amount 
some of it gained access to his trachea and 
bronchi. Most of the organisms which 
cause pneumonia, particularly the gram- 
positive cocci, are non-motilc. Their trans- 
port, therefore, in the lung depends on the 
presence of fluid. The importance of edema- 
tous fluid in causing the spread of experi- 
mental pneumococcal pneumonia is well 
established. It is by way of edematous fluid 
that the pneumococci are carried not only 
from one bronchus to another but from 
alveolus to alveolus. This patient, who had 
chronic bronchitis, certainly harbored nu- 
merous bacteria in his pulmonary tree and 
these were undoubtedly spread to a number 
of areas in his lungs by the aspirated water. 
At some of these sites the organisms multi- 
plied and widespread infection resulted. 

Dr. Wood: Another important point in 
the history is that this patient stood in the 
river for an hour in the cold water and then 
stood out in the rain for another hour before 
he was taken to his home. Dr. Smith, what 


is the effect of chilling in such a situation 
as this? Is external chilling of importance 
in the pathogenesis of acute pulmonary 
infection? 

Dr. Ralph O. Smith: It has been shown 
in experimental animals that chilling in- 
creases susceptibility to pneumonia. Cer- 
tainly patients frequently give a history of 
having been chilled prior to the onset of 
respiratory infection. The phenomenon is 
probably associated with vasoconstriction 
or with the effect that chilling has on the 
mucous membranes of the bronchi per se. 

Dr. Wood: Nungester at the University 
of Michigan studied the effect of chilling on 
experimental pulmonary infection in rats. 
He introduced pathogenic organisms into 
the upper respiratory tract of animals and 
then exposed them to low temperatures. 
The incidence of pneumonia in animals so 
chilled was significantly higher than in 
animals who had not been subjected to low 
temperature. Dr. Nungester presented evi- 
dence that chilling slows the epiglottis 
reflex which normally prevents the infected 
mucus of the nasopharynx from entering 
the trachea. 

Dr. Harford: Many years ago Dr. 
Goldman carried out some interesting 
experiments on the influence of chilling in 
human beings. 

Dr. Wood: Yes, Dr. Goldman, in con- 
junction with Dr. Samuel Grant and Dr. 
Stuart Mudd, who is now Professor of 
Bacteriology at the University of Pennsyl- 
vania, undertook these experiments while 
they were medical students in this School. 
Dr. Goldman, would you tell us about this 
work. 

Dr. Goldman: We were told by one of 
our instructors in pathology that chilling of 
the body resulted in congestion of all the 
organs. We were skeptical regarding bis 
statement and attempted to examine its 
validity. We first determined the tempera- 
tures of mucous membranes in the nose, 
throat, pharynx and larynx with a thermo- 
couple. After these control observations we 
entered an icebox and chilled ourselves as 
thoroughly as possible. Following chilling, 
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we found that ischemia rather than con- 
gestion developed in the upper respiratory 
tract and we usually developed sinusitis, 
laryngitis, pneumonitis or pleurisy within 
a few days after exposure. We also studied 
the bacterial flora of the mucous membranes 
and found that streptococci, for example, 
would persist after chilling longer than 
many of the other common inhabitants of 
the respiratory tract. We concluded that 
ischemia lowered the resistance of the 
mucous membranes and allowed pathogenic 
bacteria to flourish. 

Dr. Wood: It seems quite clear then 
that this patient had pneumonia. The final 
phase of his illness began after he was ad- 
mitted to the hospital and it was discovered 
that he had early empyema. The fluid 
removed from his chest was thin at the time 
of the first thoracentesis but subsequently 
became very thick and B. proteus and 
coliform organisms were cultured from the 
fluid. Furthermore, a rather large amount 
of air was withdrawn at the time of the 
second thoracentesis. Dr. Goldman, would 
you comment on the development of the 
empyema. 

Dr. Goldman: It seems likely that this 
patient had a mixed pulmonary infection 
from the beginning and that empyema 
developed in one of two ways: either by 
direct extension of the infection to the 
pleura such as is common in pneumococcal 
pneumonia or by abscess formation and 
subsequent rupture of the abscess directly 
into the pleural cavity with the development 
of a fistula. In view of the fact that the 
patient brought up a cupful of brownish 
sputum very early in the course of his acute 
illness it would seem likely that the pneu- 
monic process was a necrotizing one and 
probably extended into the pleural cavity 
directly. The presence of so much air 
suggests a bronchopleural fistula. 

Dr. Wood: The organisms that were 
grown from the empyema fluid, Dr. Har- 
ford, were not those commonly identified 
as etiologic factors in pneumonia. How do 
you explain their presence in the pleural 
cavity? 


Dr. Harford: B. proteus is a common . 
contaminant. Despite rigid technical pre- 
cautions the possibility of a contaminated 
culture must be considered. 

Dr. Wood: Proteus was also recovered 
in the sputum and it would seem .unlikely, 
would it not, that both cultures could have 
been contaminated? Furthermore, the fluid 
was foul, as it occurs in empyema, due to 
coliform organisms. Dr. Fiance, would you 
be inclined to consider the possibility of 
suppuration close to the pleura with subse- 
quent rupture of an abscess as the cause of 
the empyema? 

Dr. Flance: That explanation seems to 
me to be the most logical. It is conceivable 
that the patient originally had a very small 
opening into the pleural space which sub- 
sequently was widened. 

Dr. Wood: Also an abscess may rupture 
into the pleural space and the defect close 
promptly. In such instances empyema 
without a demonstrable fistula results. 

Dr. William Daily: I should like to 
suggest that this patient had arteriosclerotic 
heart disease with congestive failure. A 
rather chronic cough, edema and the subse- 
quent finding of pleural effusion are all 
consistent with this suggestion. 

Dr. Wood: I was just about to ask Dr. 
John Smith whether he thought this patient 
had significant coronary artery disease and 
whether at any time he had cardiac failure. 

Dr. John R. Smith: Certainly this pa- 
tient may have had sclerotic coronary 
arteries but I did not think that his early 
edema was due to cardiac failure. Patients 
in this age group often exhibit some ankle 
edema after prolonged standing. It is con- 
ceivable that following development of the 
severe infection cardiac failure ensued as a 
complication. 

Dr. Wood: Why was edema noted over 
the site of the thoracic lesion? 

Dr. J. R. Smith: The patient probably 
lay on that side in order to relieve his chest 
pain and the edema may have developed 
because of the dependence of that region. 

Dr. Wood: Patients with pneumonia 
usually lie on their affected side and edema 
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is not uncommonly localized because of 
position. 

Dr. Henry A. Schroeder: An alternate 
suggestion in regard to terminal edema is 
that it was of renal origin. The patient’s 
blood pressure was low and remained low, 
and it is conceivable that there was enough 
decrease in renal blood flow to give rise to 
edema. 

Dr. Wood: There are two other points 
which we shall not have time to discuss 
adequately, but I think that we should 
mention them in passing: First, the patient 
had a mean corpuscular volume of 115. 
Dr. Moore, would you comment on this 
finding? 

Dr. Carl V. Moore: I see no apparent 
reason for that result. 

Dr. Wood: Further, the patient’s blood 
calcium was 8 mg. per cent. What about 
that, Dr. Wade? 

Dr. Leo J. Wade: The phosphorus was 
slightly elevated although certainly not 
enough to explain the low calcium. 

Dr. Wood: In summary then, we believe 
that at postmortem examination the find- 
ings in this patient will include emphysema, 
chronic bronchitis, probably with bron- 
chiectasis, acute pneumonia and empyema, 
possibly as a result of rupture directly into 
the pleural cavity of an area of pulmonary 
suppuration. Furthermore, there may be a 
significant degree of coronary sclerosis and, 
although not likely, a bronchogenic car- 
cinoma may possibly be present. 

Clinical Diagnosis: Acute bacterial pneu- 
monia with empyema (? following rupture 
of abscess); emphysema; chronic bronchi- 
tis; bronchiectasis; ? coronary artery sclero- 
sis; ? bronchogenic carcinoma. 

PATHOLOGIC DISCUSSION 

Dr. Ellis J. Van Slyck: At autopsy the 
body was that of a well developed, poorly 
nourished, elderly white male. There was 
moderate pitting edema of the ankles, legs, 
thighs and scrotum. 

Upon opening the thorax 400 cc. of thin, 
blood-tinged fluid were seen to be present 
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in the right pleural cavity. The left pleural 
space was the site of a loculated empyema 
cavity; a thick fibrinous exudate covered 
the left lung and divided the cavity into 
several pockets, from which a total of 700 
cc. of thick, green, foul-smelling pus were 
evacuated. 

In the lateral aspect of the left lower lobe 
just beneath the pleura there was a lesion, 
roughly 5 cm. in diameter, which con- 
sisted of black, semisolid, necrotic material 
which communicated with one of the 
larger empyema pockets through the per- 
forated visceral pleura. Surrounding this 
involved area the lung parenchyma was 
firm, and blood-tinged edematous fluid 
exuded from the cut surface. Two firm, 
grey-yellow raised nodules of lung tissue, 
about 3 cm. in diameter, were seen super- 
imposed on the congested and edematous 
parenchyma of the left lower lobe. In this 
same region numerous small thrombi were 
present in the tertiary branches of the 
pulmonary artery. Other changes in the 
lungs were (1) white, firm, stellate scars at 
both apices; (2) 1 mm. calcified nodules in 
the parenchyma of the right upper lobe; 
(3) a calcified nodule, measuring 1 cm. in 
diameter in the upper portion of the right 
lower lobe; (4) generalized slight em- 
physema of the senile type. The mediastinal 
lymph nodes were moderately enlarged 
and cut with increased resistance. 

The pericardial sac contained 10 cc. of 
clear yellow fluid. Scanty fibrinous exudate 
was present on the epicardial surface; it 
could be removed with ease. The heart 
weighed 320 Gm., and the outstanding 
pathologic lesion was found in the coronary 
arteries where generalized thickening of 
the walls and narrowing of the lumina was 
widespread. In the left anterior descending 
branch a calcified plaque or thrombus, 
about 1.5 cm. in length, was seen to occlude 
the lumen completely about 1 cm. from 
the ostium. The right coronary artery was 
hypoplastic and failed to establish its 
normal anastomosis with the circumflex 
branch of the left coronary. The endo- 
cardium of the left ventricle overlying the 
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septum contained an area, 2 cm. in diame- 
ter, which was white and thickened. Patchy 
streaks of fibrosis were seen in the muscu- 
lature of the septum. Other findings refer- 
able to the heart were moderate sclerotic 
changes in the aorta, aortic and mitral 
valves and a duplication of a cusp of the 
pulmonary valve. 

The peritoneal cavity contained 100 cc. 
of clear yellow fluid. The stomach was 
remarkable in that the mid-point of the 
lesser curvature, a polypoid, fungating mass 
about 10 cm. in diameter, was noted. It was 
soft, multilobulated, greyish-green in color 
and on its cut surface several areas of 
hemorrhage and liquefaction were seen. 
Extension of the tumor in the subserosal 
lymphatics was evidenced by the raised 
white streaks which were visible through 
the serosa. A large mass of matted lymph 
nodes, 0.8 by 3 by 3 cm., surrounded the 
body of the pancreas and included the 
lesser omentum. When these nodes were 
sectioned, tan colored, semisolid material 
oozed forth in some regions; other nodes 
showed complete replacement of lymphoid 
tissue by soft white tissue which appeared 
to be malignant. 

Around the abdominal aorta of the level 
of the renal arteries there was another large 
conglomerate group of nodes which also 
appeared to be the site of metastatic growth. 
The renal vessels were neither occluded nor 
invaded by metastatic tissue. The liver was 
likewise free from metastases. 

Dr. R. A. Moore: On the basis of the 
gross examination it is apparent that the 
pathologic changes fall into three cate- 
gories, namely, pulmonary, cardiovascular 
and gastrointestinal. As far as the pulmon- 
ary lesions are concerned the gross appear- 
ance is certainly that of pneumonia of the 
necrotizing variety associated with the 
formation of an abscess in the periphery 
of the lung and subsequent rupture into the 
pleural cavity with formation of empyema. 
Loculation of the empyema cavity was 
apparent. In regard to the coronary disease 
there was moderately advanced arterio- 
sclerosis of the major vessels. The heart 


which weighed 320 Gm. was probably not 
grossly enlarged, but there was total oc- 
clusion of the descending left coronary 
artery with an old infarct in the septum. 
Associated evidence of cardiac disease was 
the finding of 400 cc. of fluid in the right 
pleural cavity, 100 cc. in the peritoneal 
cavity, some edema of the lower extremities 
and chronic passive congestion of some of 
the viscera. All of these observations indi- 
cate that this patient had some element of 
cardiac failure. A culture of the fluid in the 
right pleural cavity remained sterile and 
thus was not the result of the bacterial in- 
fection which affected the left lung and 
pleural space. Arteriolar sclerosis of the 
kidneys, that is, nephrosclerosis — was pres- 
ent to a moderate extent. 

The lesion in the stomach was identified 
grossly as a carcinoma of the polypoid type; 
there were metastases to all of the regional 
lymph nodes but none to the lungs or liver. 

One problem in connection with the in- 
fection in die lung is presented. There were 
thrombi in the tertiary branches of the 
pulmonary arteries in the involved area, 
and the possibility that the process repre- 
sented an infected infarct or an infarct with 
surrounding pneumonia and subsequent 
liquefaction and abscess formation must be 
considered. Grossly, all of the evidence 
pointed to primary pneumonia, but gross 
examination per se is not sufficient to enable 
us to exclude occlusion of vessels as a factor 
in the development of the lesion. 

If we turn to the microscopic findings, 
Figure 1 is a characteristic section of the 
lung in the region of the abscess. There is 
total necrosis of pulmonary tissue. The 
pneumonia is characterized by the presence 
of a moderate to large amount of fibrin 
and cells, many of which have undergone 
karyorrhexis scattered throughout the pul- 
monary alveoli. The next section (Fig. 2) 
is a higher power view of the same area and 
the character of the cells may be seen. 
There are both mononuclear and poly- 
morphonuclear leukocytes, many of which 
are undergoing necrosis. This lesion must 
be considered as an example of a necrotizing 

AMERICAN JOURNAL OF MEDICINE 



Clinico-pathologic Conference 


383 



Fig. 1 . Section of the lung in the area of necrotizing pneumonia. 

Fig. 2. Higher power view of the lesion showing the cellular exudate. 

Fig. 3. Oil immersion photomicrograph of a section stained for bacteria; both cocci and bacilli 
are present. 

Fig. 4. Section showing a thrombus in one of the pulmonary arteries. 


inflammatory process. In at least one area 
the alveolar wall has been involved by 
necrosis and an abscess has been produced. 
In Figure 3 a photomicrograph of bacteria 
is shown; in the lesion both gram-positive 
cocci and gram-negative bacilli are present, 
some of which have been phagocytized 
while others are free in the exudate. 
No culture was made from the lung; a 
culture of the empyema fluid was reported 
as yielding hemolytic staphylococcus aureus, 
a few colonies of a non-specific klebsiella, 
Pseudomonas aeruginosa, a few Aerobacter 
aerogenes, alpha hemolytic streptococci 
and a few diphtheroids. In attempting to 
evaluate the bacteriologic findings and to 
determine the organism or organisms re- 
sponsible for the pneumonia, the most 
likely conclusion is that the hemolytic 
staphylococci plus one of the gram-negative 
bacilli were probably of major importance. 

Figure 4 is a section of one of the pul- 
monary artery thrombi. The vessel wall may 
be seen with surrounding lung tissue above 
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and the thrombus below. Although there is 
exudate in the alveoli, there is neither an 
inflammatory reaction within the thrombus 
nor an increase in cells. Likewise, there is 
no inflammatory reaction in the vessel wall. 
I think, therefore, that when one considers 
the gross and the microscopic findings, he 
may reject the postulate that this lesion is 
an example of an abscess resulting from an 
infarct and instead may accept it as pneu- 
monia which has progressed to necrosis and 
extension through the pleura. The next 
section (Fig. 5) bears on the duration of 
the disease in relation to the diagnoses of 
bronchitis and bronchiectasis. Although 
the pleura itself is not thickened, there is a 
fibrinous exudate on its surface without 
adhesions and without organization. Thus, 
the pleurisy is of very recent origin. We 
were unable to identify dilated bronchi at 
the time of autopsy; however, I thoroughly 
agree with Dr. Goldman that the change 
in a bronchus from the normal to the 
bronchiectatic state is a gradual one and 
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Fig. 5. Section of the pleural wall showing unorganized fibrinous exudate. 

Fig. 6. A silicotic tracheobronchial lymph node. 

Fig. 7. Section of the anterior descending branch of the left coronary artery showing an arteriosclero- 
tic plaque which obliterates the lumen. 

Fig. 8. Low power view of the polypoid carcinoma of the stomach. 


9 10 

Fig. 9. A higher power view showing the junction of normal and carcinomatous glands in the 
stomach wall. 

Fig. 10. Metastatic carcinoma in a periaortic lymph node. 

there is a period during the change when 
the pathologist is unable to make a defini- 
tive diagnosis. The explanation of the 
patient's four-year history of cough is not 
apparent to me. In the tracheobronchial 
lymph nodes (Fig. 6) and to a limited 
extent in the lungs there arc typical silicotic 
nodules. Looking at these sections, without 
regard for the history, I would not be 
impressed with the amount of anthra- 
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cosilicosis but conceivably it may have 
played a part in his chronic cough. 

Figure 7 is a section of the anterior 
descending branch of the left coronary 
artery showing complete or almost complete 
obliteration of the lumen by an arterio- 
sclerotic plaque containing calcium. 

Figure 8 is from the stomach at the edge 
of the polypoid carcinoma which Dr . Van 
Slyck described. The transition from normal 
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mucosa to carcinoma is apparent. The next 
section (Fig. 9) is a higher power view from 
the junction of normal and carcinomatous 
1 glands. In Figure 10 the periaortic lymph 
nodes with metastatic carcinoma are seen. 

In summary then, Dr. Wood, this man 
had a recent necrotizing pneumonia with 
abscess and empyema and pulmonary 
artery thrombi secondary to the inflamma- 
tory process. He also had some cardiac 
failure, probably on the basis of severe 
arteriosclerosis of the coronary arteries and 
an old infarct; finally, there was carcinoma 
of the stomach with lymph node metastases 
which probably accounted for the weight 
loss and anemia, the cause of which was 
not totally clear clinically. 

Dr. Wood: This is a most instructive case 
for it illustrates that carcinoma of the 
stomach can be completely silent. Dr. Carl 
Moore has just pointed out to me two 
leads in the laboratory data to which we 
should have paid attention: First, there was 
more anemia than could be accounted for 


by the diagnoses which we made and in one 
smear there was a suggestion of hypo- 
chromia. Later data in regard to the 
hypochromia were, however, conflicting. 
Second, one of the stool examinations was 
positive for occult blood. 

Final Anatomic Diagnoses: Necrotizing bron- 
chopneumonia in the lower lobe of the left 
lung with liquefaction and rupture into the 
pleural cavity; organizing thrombi in the 
tertiary branches of the pulmonary artery 
to the lower lobe of the left lung adjacent 
to the pneumonia; loculated empyema, left 
(700 cc.); arteriosclerosis of the coronary 
arteries, advanced in the left descending 
coronary artery with occlusion, and of the 
left circumflex and right coronary arteries, 
moderate; healed infarct in the anterior 
myocardial septum; polypoid carcinoma of 
the lesser curvature of the stomach; met- 
astatic carcinoma in the lymphatics of 
the serosa of the stomach and the lesser 
omental, peripancreatic and periaortic 
lymph nodes about the renal arteries. 
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Neurohumoral Control of Hypophysial 
Functions. Harry B. Friedgood, M.D., 

Los Angeles, California. (From the Uni- 
versity of California.) 

Parenteral administration of the adrenergic 
substance, neosynephrine, induced pseudo- 
pregnancy in 50 per cent of thirty-eight rats. 
This gonadotropic reaction of the rat’s adeno- 
hypophysis was elicited also by electrical excita- 
tion of the cervix uteri in 73 per cent of sixty- two 
control experiments, in 84 per cent of thirty-two 
experiments after bilateral transection of the 
cervical sympathetic trunks and in 47 per cent 
of eighty-four experiments after bilateral superior 
cervical sympathetic ganglionectomy. These ob- 
servations, in addition to data derived from 
previous experiments, constitute evidence for 
the existence of a neurohumoral adrenergic 
mechanism which controls the gonadotropic 
activity of the rat’s adenohypophysis. Other 
evidence, stemming mainly from well estab- 
lished anatomic studies of the hypothalamic 
nuclei and of the angio-architecture of the 
hypothalamo-hypophysial area, suggests that the 
hypophysis cerebri is under dual neurohumoral 
control, viz., an adrenergic element regulates 
the function of the pars distalis of the adeno- 
hypophysis, and a cholinergic effect is exercised 
over the adenohypophysis and neurohypophy- 
sis. It is postulated that these adrenergic and 
cholinergic agents are secreted by the hypo- 
thalamus, neurohypophysis and proximal por- 
tions of the adenohypophysis (e.g., pars tuber- 
alis) from whence they are carried via the 
hypophysial portal circulation to the pars distalis. 

The foregoing considerations account satis- 
factorily on a neuro-anatomic and neurophysi- 
ologic basis for those endocrine disorders which 
are known to be associated with and apparently 
precipitated by emotional conflicts. 

Is There a Pulmonary Factor in the 
Production of Cyanosis in Congenital 
Heart Disease? Arthur Selzer , M.D., 

San Francisco, California. (From Stanford 
University.) 

Blalock and Taussig and other authors have 
recently emphasized the importance of inade- 
quate circulation or inadequate blood supply to 
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the lungs in the production of chronic cyanosis 
in congenital heart disease. Physiologically, the 
important question in the pathogenesis of 
chronic cyanosis is whether low arterial oxygen 
saturation is due to admixture of venous blood 
shunted from the right side of the heart into the 
arterial system or due to defective oxygenation 
of blood in the lungs. 

This problem is approached from the patho- 
logic standpoint, by an analysis of over 150 au- 
topsied cases of congenital heart disease. In 
almost all cases clinically associated with 
cyanosis findings suggested a right-to-left intra- 
cardiac blood shunt. The most convincing 
evidence of the role which a venoarterial shunt 
plays in the pathogenesis of cyanosis is an 
analysis of cases of pulmonary stenosis with 
closed interventricular septum. It is shown that 
cyanosis is present if a patent foramen ovale 
offers a path for intracardiac shunt and is 
absent if the foramen is closed. The degree of 
cyanosis is related to the size of the foramen. 

No direct or indirect evidence has been found 
for defective or incomplete pulmonary oxygena- 
tion. The beneficial effect of the Blalock-7 aussig 
operation is best explained on the basis of recii - 
culation of poorly oxygenated arterial blood 
through the lungs. 

It is concluded that venous arterial blood 
shunt is the principal cause of chronic cyanosis 
in congenital heart disease. There is no known 
pulmonary factor in its production and the 
terminology of inadequate blood supply to the 
lungs is misleading and should be abandoned. 

The Role of the Sympathetic Nervous 
System in Human Arterial Hyper- 
tension. Cardiac Output Studies in 
Differential Spinal Block. Sidney S. 
Sohiti, M.D., Los Angeles, California. 

Of the cardiovascular factors concerned in 
regulation of blood pressure the abnormality m 
human hypertension is believed to be an in- 
creased total peripheral resistance (TPR)- 
Since TPR cannot be measured directly and 
is related to arterial pressure and cardiac output 

Pm X 1332 

as defined by the equation R — ffcf 
dynes cm. -5 sec., measurement of these latter 
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two parameters provides TPR. Cardiac output 
was determined by the ballistocardiograph 
(Nickerson) and blood pressure by sphygmo- 
manomter in eight hypertensive and three 
normotensive individuals under basal conditions 
and in various stages of sympathectomy pro- 
duced by differential spinal block. Blood pres- 
sure fell in hypertensive patients but remained 
constant in normotensives despite similar de- 
grees of sympathetic block. Concomitant with 
the fall in blood pressure in the hypertensives 
there was a striking increase in cardiac output 
and a marked fall in peripheral resistance. The 
course of events following the initial fall in blood 
pressure with the increase in cardiac output and 
decrease in peripheral resistance varied some- 
what in different patients. 

It is suggested that the increased cardiac out- 
put resulted from arteriolar dilatation and 
increased vis-a-tergo of venous return and that 
this may indicate tonic activity of the sympa- 
thetic nervous system in maintenance of the 
elevated blood pressure in human hypertension. 

Effect of Arterial Insufficiency on the 
Circulation Rate and the Volume 
Increase Rate of the Extremity. 
Travis Winsor, M.D., Los Angeles , Cali- 
fornia. (From the Nash Cardiovascular 
Foundation of the Hospital of the Good 
Samaritan.) 

Studies on normal individuals and patients 
with vascular disease have shown definite dif- 
ferences in the time required for an increase to 
appear in the volume of the digit after partial 
emptying of blood from the peripheral vascular 
tree. An awareness of magnitudes of these dif- 
ferences occasionally gives insight into the ex- 
tent and type of vascular diseases which may 
be present. The variations and types of response 
in individuals with different types of vascular 
disease indicate that this measurement may 
have merit under certain circumstances. It is 
the purpose of this report to describe a method 
for determining an extremity circulation time, 
an extremity circulation rate and a volume in- 
crease rate employing the plethysmographic 
technic, to present normal values for the ex- 
tremity circulation time, extremity circulation 
rate and digital volume increase rate and to 
show deviations from the normal among patients 
with various degrees of arterial insufficiency. 

From the procedures outlined retarded circu- 
lation rates and volume increase rates ordinarily 
indicate organic disease, whereas normal circu- 
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lation rates and retarded volume increase rates 
indicate organic disease or vasospasm. It is 
believed that these measurements may aid in 
gaining insight into the type and extent of 
vascular disease which may be present. Further 
study is necessary to evaluate the influence 
of edema, sympatholytic procedures, hyper- 
tension and alterations in tissue distensibility. 

Study of the Rate of Disappearance of 
a Digitalis Glycoside (Lanatoside C) 
From the Blood of Man. Meyer Friedman, 
M.D. and {by invitation) Rene Bine, M.D., 
San Francisco, California. (From the Harold 
Brunn Institute for Cardiovascular Re- 
search, Mount Zion Hospital.) 

By means of the embryonic duck heart prepa- 
ration it was found possible for the first time to 
determine the concentration of digitalis glyco- 
side (Lanatoside C) in the sera of patients at 
various intervals of time after they had received 
the glycoside by vein. 

It was found that the average concentration 
of glycoside in the ten patients studied was 0.25 
microgram per cc. of serum immediately after 
the intravenous injection of 1 .6 mg. of Lanato- 
side C. Seven and one-half minutes after injec- 
tion the average concentration was 0.10 micro- 
gram per cc. of serum. At the end of fifteen 
minutes no glycoside could be detected in two 
of the ten patients and the average concentra- 
tion in the remaining eight patients was 0.07 
microgram per cc. of serum. At the end of thirty 
minutes glycoside (0.05 microgram per cc.) was 
detected in only one of the ten patients. No 
glycoside could be detected in any patient one 
hour after its injection. 

These results indicate that after intravenous 
injection of a digitalizing dose of the particular 
glycoside employed (Lanatoside C) a very 
rapid disappearance of the drug from the blood 
stream occurs. 

A Quantitative Study of Atherosclero- 
sis. Alvin J. Cox, M.D., San Francisco, 
California. (From Stanford University.) 
Dehydration and extraction of 220 human 
aortas removed at autopsy yielded amounts of 
fatty material which were related to the age and 
sex of the corresponding patients. Comparison 
of different groups of the aortas shows more 
aortic lipid from those with hypertension and 
diabetes than from others without these condi- 
tions. There is little evidence of a significant 
effect of diet upon the amount of aortic lipid 



Western Society for Clinical Research 


388 

although poorly nourished and alcoholic indi- 
viduals had aortas containing slightly less lipid 
than the controls. 

The Role of Lipoid Metabolism in 
Production of Coronary Arterio- 
sclerosis and Atherosclerosis. Lester 
M. Morrison , M.D., Albert L. Chaney , 
Ph.D., (by invitation) Lillian Hall, M.D. 
and (by invitation) William Gonzalez , M.D., 
Los Angeles , California. (From the Los 
Angeles County General Hospital and 
the Department of Internal Medicine, 
Medical School of the College of Medical 
Evangelists.) 

The effect of choline on the prevention of 
experimental cholesterol atherosclerosis: The 
oral feeding of 0.5 Gm. choline chloride daily, 
together with 0.5 Gm. cholesterol to twenty- 
nine, three-month old rabbits prevented athero- 
sclerosis in 55 per cent of the animals at the 
expiration of the ninety-second-day experi- 
mental period. The oral feeding of 1.0 Gm. 
choline chloride daily together with 0.5 Gm. 
cholesterol to thirty-two three-month old 
rabbits prevented atherosclerosis in 78 per cent 
at the expiration of the ninety-second-day ex- 
perimental period. 

Absorption of aortic atherosclerosis by choline 
feeding: Choline caused re- absorption of aortic 
atherosclerosis in the majority of rabbits with 
lesions produced by cholesterol feeding. 

Effect of blood cholesterol disorders on the 
coronary arteries and aorta: A series of 600 
patients with diseases characterized by hyper- 
cholesterolemia and hypocholesterolemia during 
life was studied in relationship to coronary 
artery arteriosclerosis and aortic atherosclerosis 
as found at autopsy. These patients were com- 
pared to “controls” or patients in a series of 
deaths from sudden, acute illness (medical or 
surgical) and to a series of patients who died of 
chronic illnesses other than those of the other 
groups described. Patients who died of chronic 
diabetes mellitus, a disease characterized by 
hypercholesterolemia, showed a marked in- 
crease in coronary arteriosclerosis and aortic 
atherosclerosis as compared to a series of control 
patients who died of an acute illness and a series 
of control patients who died of chronic illnesses 
and a scries of deaths from cancerous illnesses. 
Patients who died of chronic thyrotoxicosis, a 
disease characterized by hypocholesterolemia, 
showed a marked decrease in incidence of 


coronary arteriosclerosis and aortic athero- 
sclerosis as compared to the control series and 
all other groups described herein. 

Cholesterol content of the coronary arteries 
and blood in acute coronary thrombosis: The 
average' ' cholesterol content of the coronary 
arteries in a series of patients who died from 
an acute coronary artery thrombosis was ana- 
lyzed biochemically and found to be four times 
as great as the average cholesterol content of 
the coronary arteries in a comparable group of 
control patients. Hypercholesterolemia was 
found (average value) in the group of patients 
who died of acute coronary artery thrombosis 
as compared to a normal blood cholesterol 
average in the comparable control group. 

Changes in the blood cholesterol levels follow- 
ing one year of choline therapy in patients with 
acute coronary thrombosis: In summary, in a 
series of thirty-two normal subjects the con- 
stancy of blood serum cholesterol levels was 
re-affirmed over prolonged test periods using a 
modification of the Sperry-Schoenheimer serum 
cholesterol procedure. Wide variations in serum 
cholesterol values were found in a group of 
thirty-one patients with miscellaneous diseases. 
Marked fluctuations in serum cholesterol values 
were observed in a series of fifty patients who 
had recently experienced a coronary artery 
thrombosis. Analogous wide fluctuations in 
serum cholesterol values were found in a series 
of forty-eight patients who had recently ex- 
perienced a coronary artery thrombosis and 
ingested 6 Gm. of choline daily. These fluctua- 
tions rendered it impracticable to determine 
whether choline effected a reduction or increase 
in serum cholesterol levels. It is suggested that 
variations in serum cholesterol exceeding 1 5 per 
cent when determined by the Sperry-Schoen- 
heimer procedure or a proven modification 
thereof in an individual presumed to be normal 
may possibly indicate a systemic disorder or 
latent illness. 

Quantitative Estimation of Albumin, 
Gamma Globulin and Beta-1 Globulin 
in Human Body Fluids by Immunologic 
Technics. B. V. Jager, M.D. and (by 
invitation) Margaret Nickerson, Salt Lake 
City, Utah. (From the Department of 
Medicine, University of Utah College 
of Medicine.) 

Antisera to highly purified serum albumin 
and to human serum gamma globulin and to a 
bcta-1 globulin (Fraction iv-7-4) have been 
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prepared in rabbits. Employing quantitative 
precipitin technic, the amounts of proteins re- 
acting to these antisera have been determined, 
using whole human serum and spinal fluid as 
antigens. For human serum antigens the im- 
munologically estimated serum albumin is in 
close agreement with the electrophoretic esti- 
mation. For human serum gamma globulin the 
immunologic values are far in excess of electro- 
phoretic estimations of gamma globulin. The 
reactive antigen in human serum to iv-7-4 
antiserum comprised approximately 3 per cent 
of the total serum protein in blood from three 
normal subjects. In spinal fluids the values for 
serum albumin and serum gamma globulin were 
in agreement with the values obtained by Rabat 
and co-workers (1948). Certain theoretical and 
practical limitations of the quantitative pre- 
cipitin technic are considered. 

Electrophoretic Studies of Serum Muco- 
proteins. John TV. Mehl , M.D., Jane 
Humphrey , {by invitation) Florence Golden , 
{by invitation) and Richard J. TVinzler, 
Los Angeles, California. (From the Los 
Angeles County General Hospital and 
the Department of Bio-chemistry and 
Nutrition, University of Southern Cali- 
fornia School of Medicine.) 

Previous studies have shown that an increased 
amount of “proteose” appears in the plasma or 
serum of patients with neoplastic and infectious 
diseases. Previous investigations of this material 
have shown that it is a mucoprotein. 

Electrophoretic studies of this mucoprotein 
isolated from normal human plasma by chemical 
procedures show that it is present in the cn- 
globulin fraction at pH 8.4. Studies of the 
mobility as a function of pH have shown that 
it is heterogeneous but that all of the compo- 
nents have an isoelectric point below that of the 
other normal serum proteins. These studies in- 
dicated that a pH of 4.5 would be most ad- 
vantageous for the demonstration of these 
mucoproteins by direct electrophoretic studies 
of serum since at this pH all other normal 
serum proteins would be positively charged. 

The electrophoretic study of normal serum 
has shown that there are two components which 
are still negatively charged at pH 4.5. These 
two components are increased, but not always 
in the same proportions, in conditions in which 
the mucoprotein determined by chemical means 
is increased. One of these components has been 
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isolated by electrophoresis from pathologic 
serum and found to have essentially the same 
chemical properties as the material prepared by 
precipitation from normal serum. Both of the 
components which are elevated in pathologic 
sera may be increased by adding the mucopro- 
tein precipitated from normal serum. 

Effect of Parenteral Bovine Albumin 
Injections on Excretion of Hemo- 
globin in the Rat. Richard TV. Lippman , 
M.D. {introduced by David Rytand, M.D.), 
Los Angeles, California. (From the Insti- 
tute for Medical Research, Cedars of 
Lebanon Hospital.) 

Addis and his associates have shown that 
massive proteinuria may be induced in rats by 
the parenteral injection of bovine albumin and 
other proteins. This study was made to analyze 
the proteinuria with respect to the factors of 
filtration and re-absorption through the use of 
hemoglobin as an indicator protein. 

Animals received an intravenous injection of 
hemoglobin at the height of proteinuria pro- 
duced by the injection of bovine albumin intra- 
peritoneally. Serum concentrations of hemo- 
globin and the excretion rate of hemoglobin 
were measured. Control animals received intra- 
peritoneal injections of 0.85 per cent sodium 
chloride solution. The animals who received 
albumin excreted hemoglobin at double thev 
rate of the controls. In addition the serum 
concentration threshold for hemoglobinuria 
was reduced from 75 mg. per 100 cc. to less 
than 25 mg. per 100 cc. These results were 
interpreted to indicate both diminished tubular 
re-absorption of protein and increased glomer- 
ular permeability to protein in experimental 
animals. 

Metabolism of Endogenous and Exo- 
genous Androgens by Patients with 
Liver Disease. Laurance TV. Kinsell, 
M.D. and Maxine E. Hutchin {by invitation), 
Sheldon Margen, M.D., San Francisco and 
Oakland, California. (From the Division 
of Medicine, University of California 
Medical School and Department of 
Medicine, U. S. Naval Hospital.) 

Reports by a number of clinicians and in- 
vestigators indicate that the liver normally plays 
a major role in the metabolism of steroid hor- 
mones. It has also been suggested that certain 
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endocrine abnormalities noted in some patients 
with acute and chronic liver damage are refer- 
able to malmetabolism of endogenous steroids. 

In an effort to evaluate the preceding observa- 
tions a large group of patients with acute and 
chronic liver damage have received testosterone 
propionate and free testosterone and have 
been followed from the standpoint of 17-keto- 
steroid excretion prior to, during and following 
administration of testosterone. The results so 
obtained have been compared with similar 
studies in normal individuals. 

In general it has been found that only those 
patients with considerable hepatic impairment 
show a significant abnormality in their ability 
to metabolize administered androgens to the 
physiologically less active compounds which 
are excreted as neutral 17-ketosteroids. - 

In a large group of patients with acute and 
chronic liver disease gynecomastia has been 
found to be a rare occurrence and to occur more 
commonly during convalescence than during 
the more severe phases of the disease. It is also 
the strong impression of the authors that in the 
rank and file of cirrhotic patients the loss of 
axillary and pubic hair and other nedocrine 
abnormalities occur with only slightly greater 
frequency than is the case in a comparable group 
of patients who present an equal degree of 
ffebility from non-hepatic causes. 

Effects of Desoxycorticosterone in 
Relation to Antidiuretic Factor Ex- 
cretion. Julia Goodsell Shaken {by invita- 
tion ) and D. M. Green, M.D., Seattle, 
Washington. (From the University of 
Washington School of Medicine.) 

Subcutaneous implantation of desoxycortico- 
sterone in rats is followed by a prompt rise in 
fluid intake and subsequent elevation of blood 
pressure to hypertensive levels. Since upward 
disturbances in water balance presumably in- 
voke responses by the posterior pituitary, studies 
were made of the effect of desoxycorticosterone 
on antidiuretic factor excretion and its rela- 
tionship to changes in blood pressure. 

Results indicated that the implantation of 
DCA pellets was followed both by hypertension 
and by increased antidiuretic factor excretion. 
However, the substitution of saline solution for 
drinking water in rats given no desoxycortico- 
sterone also produced a rise in antidiuretic 
factor excretion but did not cause blood pressure 
elevation. In general, antidiuretic factor output 
appeared correlated with increased fluid intake, 


regardless of the means used to stimulate a rise 
in voluntary fluid consumption. 

The excretion of antidiuretic factor following 
desoxycorticosterone administration appeared 
to be a response to the drug-induced disturb- 
ance in fluid balance. No immediate relation- 
ship to the development of hypertension was 
demonstrated. 

Urinary Coproporphyrin Excretion in 
Patients with Neoplastic Diseases. 
Howard R. Bierman, M.D., Louis A. Strait 
{by invitation ) and M. RhenojJ {by invita- 
tion), San Francisco, California. (From the 
Laboratory of Experimental Oncology, 
University of California Medical School.) 

The twenty-four hour urinary coproporphyrin 
excretion has been studied in patients suffering 
from various neoplastic diseases. There appears 
to be a cyclic increase in excretion of copro- 
porphyrin well beyond the present accepted 
limits of normal at regular periods in some 
patients who have been studied continuously 
for two to three months. 

In eleven of sixteen instances administration 
of HN 2 in doses from 0.1 to 0.6 mg./Kg. body 
weight was followed by varying increases in 
coproporphyrin excretion over the pretreatment 
levels within twenty-four to ninety-six hours. 
There appears to be no relationship to the 
urinary volume. 

Repeated daily doses of HN 2 in one patient 
exhausted the mechanism for increased copro- 
porphyrin excretion after nine days. 

Hematopoietic regeneration may be responsi- 
ble for the coproporphyrinuria in some cases 
since there appears to be no correlation with 
hematopoietic or neoplastic tissue destruction. 
The possibility of an underlying neoplastic host 
mechanism may account for the periodic in- 
crease in coproporphyrin excretion unrelated 
to therapy. 

Lymphangiography in the Diagnosis of 
Chylangioma and Lymphedema. A Pre- 
liminary Report. Norman E. Freeman, 
M.D., San Francisco, California. 
Chylangioma and chylous fistula are rare 
conditions. Knapper in 1928 collected twelve 
cases from the literature and described one case 
of his own. In his patient the chylous fistula of 
the popliteal space was closed one year after 
resection of the pelvic lymphatics. Two cases of 
this condition have been encountered, one on 
the service of I. S. Ravdin at the University of 
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Pennsylvania Hospital and the second on the 
Children’s Sendee at the University of Cali- 
fornia Hospital. In the former, studies were 
made on the fat content of the chyle obtained 
by puncture of a vesicle on the scrotum at inter- 
vals following ingestion of cream. In the latter 
the lymphatics of the pelvis, external genitalia 
and lower extremities were visualized by x-ray 
after injection of diodrast by direct puncture 
of a vesicle on the labia majora. It was shown 
that the valves of the lymphatics were deficient 
in this case. In both patients an attempt was 
made to resect the pelvic lymphatics. Although 
there was temporary improvement, in neither 
case was the condition completely relieved. 
The possibility of lymphangiography in the 
study of lymphedema is discussed. 

On the Clinical Usefulness of Hypo- 
tonic Intravenous Solutions. F. R. 
Schemm, M.D., John A. Layne , M.D. and 
(by invitation ) John S. Gilson, M.D., Great 
Falls, Montana. (From the Department 
of Medicine, Great Falls Clinic.) 

We have found hypotonic solutions given 
by vein effective in maintaining water balance 
when the administration of water per se was 
indicated and when the customary amounts of 
sodium chloride or dextrose found in isotonic 
solutions appeared undesirable. The hypotonic 
solutions, at first of two-thirds and later of one- 
half of isotonic strength, were particularly useful 
in postoperative or azotemic diabetic patients 
with cardiovascular-renal complications. 

Hypotonic solutions have now been used in 
more than thirty-five instances, extending over 
periods of treatment from five to thirteen days. 
A total of from 1 to 4 L. were given daily, in 
volumes varying from 500 to 1,500 cc. at a time, 
with a rate of flow that ranged from 14 to 22 cc. 
per minute. One of the most useful solutions 
contained 2.25 Gm. of sodium chloride and 
12.5 Gm. of dextrose in 1,000 cc. of water. With 
this latter solution, one can give, for example, 
with 4,000 cc. of water 50 Gm. of dextrose and 
9 Gm. of sodium chloride in twenty-four hours. 
These amounts give a good base line for mainte- 
nance in, for example, postoperative diabetics 
with duodenal drainage, providing enough 
water and dextrose and not too much sodium. 
One-half isotonic strength saline or dextrose 
can be added or substituted for the combined 
solution when there appears to be need for more 
sodium or dextrose. 
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Studies of the blood immediately after ad- 
ministration of these hypotonic solutions or 
after several days’ use of them showed no 
detectable dilution or disturbance of the electro- 
lyte pattern of the blood, indicating how swiftly 
plain water is diffused throughout the 50 L. of 
total body water. In some instances these solu- 
tions were used in patients recovering from 
episodes of acute, profuse pulmonary edema. 

Myotonia Due to Cold. A Benign Syn- 
drome of Myotonic Contraction after 
Exposure to Cold Manifesting a Char- 
acteristic Hereditary Pattern. Frank 
H. Tyler, M.D., Thomas A. Witten, M.D. 
and Fayette B. Stephens, Ph.D., (by invita- 
tion and introduced by Hans H. Hechl, M.D . ), 
Salt Lake City, Utah. (From the Depart- 
ment of Medicine, University of Utah 
College of Medicine.) 

The disease (paramyotonia congenita) de- 
scribed by Eulenberg in 1886 and by Rich in 
1895 has not been clearly distinguished from 
other myotonias by most neurologists since 
that time. The opportunity to study a family 
with the disorder now presents itself. The syn- 
drome consists of myotonic reaction occurring 
most frequently in facial, oculomotor and in- 
trinsic hand muscles as the result of exposure to 
cold. Other factors are of little importance in 
the occurrence of the myotonia, but quick 
movement following rest or gross voluntary 
movement occasionally precipitate it in certain 
members of the family. The anomaly is present 
at birth and persists throughout life with a 
tendency to improvement not very marked 
and without the development of muscular 
atrophy and other degenerative changes. 

A case of myotonic muscular contraction 
induced by exposure to cold or chilling is 
reported. A family history of sixty-two persons 
manifesting the disorder with a typical Mende- 
lian dominant pattern of inheritance is pre- 
sented. The myotonia responds to quinine in the 
same fashion as other myotonias. 

Clinical and Laboratory Reliability 
of Protein-bound Blood Iodine De- 
terminations. Donald W. Petit, M.D. (by 
invitation ), Paul Starr, M.D. and A. L. 
Chaney, Ph. D. (by invitation), Los Angeles, 
California. (From the Department of Medi- 
cine, University of Southern California.) 
Because of increasing acceptance of the use- 
fulness of protein-bound blood iodine determina- 



Western Society for Clinical Research 


39 2 

tions as an index of thyroid function, it was 
decided to subject the procedure used here to 
clinical test. A “blind” technic was used to find: 
(1) the reproducibility of results from identical 
specimens; (2) effect of an ordinary meal; 
(3) effect of mild exercise; (4) effect of ingestion 
of inorganic and organic iodine compounds; 
(5) the role of serum proteins in the final level 
of protein-bound blood iodine. 

Ninety per cent of 112 specimens drawn from 
fifty-one subjects and tested in duplicate or 
triplicate agreed within 3 gamma per cent. 
Similar technics used for the testing of seventy- 
one specimens drawn from five normal males 
revealed no significant change in protein-bound 
blood iodine after meals or after mild exercise. 

Serial determinations of protein-bound blood 
iodine in three patients receiving inorganic 
iodine solution revealed unreliable results dur- 
ing the ingestion of iodine and for forty-eight to 
seventy-two hours after its cessation. Isolated 
determinations on five patients after cholecyst- 
ography revealed elevated protein-bound io- 
dines for as long as three months after the drug 
had been administered. Similar tests on four 
patients who had had iodized oil introduced 
into the lung or subarachnoid space showed 
elevated levels of protein-bound iodine for 
periods in excess of one year. The finding of 
low protein-bound iodine levels in patients with 
low serum protein and apparently normal 
thyroid function deserves further study. 

Factors Influencing the Effectiveness 
of Radioiodotherapeusis. Robert H. Wil- 
liams, M.D., Seattle, Washington. (From 
the Department of Medicine, University 
of Washington School of Medicine.) 

The results of radioiodotherapeusis in 106 
patients with thyrotoxicosis were found to com- 
pare favorably with the results of treatment by 
antithyroid drugs and subtotal thyroidectomy 
in 195 subjects and with the results of antithy- 
roid drugs administered for prolonged intervals 
to 119 individuals. 

The main problem in radioiodine therapy is 
in determining the optimum dosage. Although 
some indication of the quantity of isotope con- 
centrated in the thyroid can be determined by 
estimating the rate of excretion of the radio- 
iodine in the urine or by epithyroid counts, 
there arc apparently many factors influencing 
the ultimate results of therapy, especially when 
I nl is used. Although the total amount of 
isotope localized in the thyroid is important, its 


distribution in the acini is significant and factors 
influencing the turnover of iodine are also 
important. 

Studies were made of the influence on iodine 
metabolism of adrenalin, trauma, bacterial 
toxins, halides, food, environmental factors, 
thiocyanate, propylthiouracil, adrenalectomy 
and thyroidectomy. The results of these studies 
and their possible influence upon radioiodo- 
therapeusis are available for presentation. 

The Heart in Infection. Irving Fine, M.D. 
(i by invitation), Henry Brainerd, M.D. and 
Maurice Sokolow, M.D., San Francisco, 
California. (From the University of Cali- 
fornia Medical School.) 

Eighty-four patients selected as being free of 
pre-existing heart disease, who were suffering 
from a variety of acute infectious diseases, were 
studied intensively to determine the nature and 
incidence of resulting abnormalities of the heart. 
The patients were subjected to serial clinical 
observations, determinations of venous pressure 
and circulation time and standard and unipolar 
electrocardiograms. An attempt was made to cor- 
relate clinical and electrocardiographic findings. 

Thirty-three and three-tenths per cent of 
patients studied demonstrated definite abnor- 
malities of the electrocardiogram at some time 
in the course of infection. These patients were 
suffering from typhoid, diphtheria, meningitis 
due to meningococci, pneumococci and H. 
influenzae, pneumococcal pneumonia, acute 
streptococcal infections and mumps. The com- 
monest electrocardiographic abnormality was 
alteration of the T waves, followed by prolonged 
P-R interval, prolonged Q,-T interval, ar- 
rhythmias, disturbed intraventricular conduction 

and S-T segment abnormalities in descend- 
ing order of frequency. Eighteen patients sub- 
jected to artificial fever therapy did not exhibit 
similar changes. 

Alterations of intensity or quality of the 
mitral first sound occurred in 46.4 per cent of 
patients with myocarditis as contrasted to 3.7 
per cent of patients without myocarditis; tins 
finding had the highest correlation of various 
clinical observations with electrocardiographic 
changes. Gallop rhythm was noted in 28.5 per 
cent of patients with myocarditis and occurred 
transiently in 7.2 per cent of patients without 

electrocardiographic abnormalities. Systolicmur- 

murs occurred in 42.8 per cent of abnormal 
hearts but were heard in 25.9 per cent of indi- 
viduals without demonstrable myocarditis. 
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The circulation time was markedly decreased 
by fever but was abnormal in only two patients 
with myocarditis. One patient with myocarditis 
exhibited elevation of the venous pressure. 

Effects of the Administration of Strep- 
tomycin in Treatment of Experimental 
Obstructive Appendicitis. H. A. Davis , 
M.D., J. K. Burns, M.D., {by invitation ) 
J. D. Schuler, M.D. {by invitation), T. E. 
Wade, M.D. {by invitation) and A. B. Webber, 
M.D. , Los Angeles, California. (From the 
Hunterian Laboratory, the Department 
of. Surgery and the Graduate School of 
Medicine, College of Medical Evange- 
lists.) 

In a study reported elsewhere it was demon- 
strated that a standard type of injury to the 
vermiform appendix of rabbits (devasculariza- 
tion with obstruction of 7 cm. from the tip) 
caused death in 80 per cent of untreated 
rabbits. 

In order to study the effect of streptomycin 
upon the mortality rate five groups of rabbits 
were studied. The standard form of injury to the 
appendix was produced in all groups. Strepto- 
mycin in a dose of 50 mg. twice daily was in- 
jected subcutaneously for fourteen days. Strepto- 
mycin definitely lowered the immediate mor- 
tality rate from experimental obstructive 
appendicitis in rabbits, especially when ad- 
ministration was started within twenty-four 
hours after the lesion in the appendix was pro- 
duced. The critical period during which a sharp 
rise in mortality occurs is delayed in streptomy- 
cin-treated rabbits and lies between twenty-four 
and forty-eight hours. 

The rabbits were allowed to survive for a 
period of three months following discontinuance 
of streptomycin therapy. The incidence of 
residual abscess formation was high. The ab- 
scesses were usually small and apparently did 
not interfere with the health or nutrition of the 
animals. In a small number of animals the 
abscesses were very large. 

Studies of Plasma Quinidin Content in 
Relation to Single Dose Administra- 
tion, Toxic Manifestations and Ther- 
apeutic Effect. Richard W. Kalmensohn 
{by invitation) and John J. Sampson, M.D., 
San Francisco, California. (From the Har- 
old Brunn Institute for Cardiovascular 
Research, Mount Zion Hospital.) 
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The purpose of this work is to present (1) the 
quinidin plasma levels after single doses of the 
drug given by the intramuscular route as com- 
pared to the oral and rectal routes, (2) the 
plasma quinidin content when toxic manifesta- 
tions are exhibited by patients receiving the 
drug and (3) the levels at which conversion of 
auricular fibrillation to sinus rhythm occurs. 

A new compound, quinidin lactate, was ad- 
ministered intramuscularly to six patients with 
normal hearts, two in single doses of 0.13 Gm. 
and four in doses of 0.6 Gm. In the latter dosage 
(0.6 Gm.) the curve of rise and fall of quinidin 
plasma levels reached a maximum content of 
1.76 to 3.45 mg. per L. between one and two 
and two-third hours and fell to 25 to 50 per cent 
of the maximum in four hours and to 10 to 
25 per cent in ten to twelve hours, with a small 
residual present in twenty-four hours. This 
compared with previous reports and our own 
observations in six patients using single oral 
doses of 0.6 Gm. quinidin sulfate, namely, 2.9 to 
3.7 maximum content in one-half to four and 
one-half hours with an average of two and one- 
fourth hours and retention of about the same 
fall in plasma content at twelve and twenty-four 
hours. Rectal administration of 0.6 Gm. 
quinidin sulfate resulted in maximum levels of 
0.51 to 1 .1 9 mg. per L. with only a trace remain- 
ing in twelve hours. 

Of the sixteen patients receiving test doses of 
quinidin by various routes two instances of 
hypotension were noted and these occurred only 
in the (four) patients given 0.6 Gm. quinidin 
lactate intramuscularly with maximum plasma 
content under 4.0 mg. per L. In the two in- 
stances in which hypotension developed during 
oral therapeutic use of quinidin sulfate the 
plasma contents were higher, namely, 6.9 and 
8.1 mg. per L. This implies that administration 
of quinidin intramuscularly, as has been sus- 
pected from previous experience with its 
intravenous use, for reasons undetermined carries 
a greater risk than from oral or rectal use. 

In six of fourteen instances of oral quinidin 
administered therapeutically the quinidin con- 
tent of the plasma at which the various toxic 
manifestations first appeared varied from (1) 
0.63 to 10.8 mg. per L. with nausea (five cases), 
diarrhea (three cases) and giddiness (three 
cases); (2) 4.86 and 12.68 with headache 
(two cases); (3) 8.1 and 14.5 with diplopia (two 
cases); (4) 3.65 and 8.1 with scotomas (two 
cases); (5) 14.5 with deafness (one case) and (6) 
6.9 and 8.1 with hypotension (two cases). 
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Whereas gastrointestinal symptoms were the 
commonest initial evidence of toxicity, they 
accompanied tinnitus, deafness, scotomas and 
hypotension when the latter were present. 

The quinidin content of the plasma of twelve 
patients at the time of conversion of auricular 
fibrillation to sinus rhythm varied from 7.48 to 
23.7 mg. per L. in six instances of rheumatic 
heart disease (including three conversions of the 
same patient at 10.8, 11.7 and 14) and 3.30 to 
5.67 in six patients with coronary arteriosclerosis 
with or without hypertension. Two patients had 
not converted at the time quinidin therapy was 
stopped because of significant hypotension. 

Quantitative Study of Quinidine Ther- 
apy. Maurice Sokolow, M.D. and ( by 
invitation) Archie L. Edgar, M.D., San 
Francisco , California. (From the University 
of California Medical School.) 

The quantitative aspects of quinidine therapy 
were investigated by determining multiple blood 
and urine quinidine levels in forty-one patients 
on varying dose schedules. The photofluor- 
metric method of Brodie, as modified by Lilien- 
thal, was used. Sinus rhythm was re-established 
in thirteen of fifteen cases of auricular fibrilla- 
tion or flutter. The amount of quinidine re- 
quired for conversion, using the two or four-hour 
schedule, varied from 1.2 Gm. in twenty hours 
to 9.3 Gm. in ninety-six hours, with maximum 
blood levels of 2.0 to 13.7 mg./L. and an average 
of 7.0 mg./L. In only two cases was the level 
required for conversion less than 4 mg./L. In 
one case converted with a level of 7 mg./L. 
relapse occurred on maintenance doses with a 
level of 3.8 mg./L.: reconversion resulted when 
a level of 5.5 mg./L. was obtained with higher 
doses. In the two failures levels of 10 and 11 
mg./L. were attained. In one case of ventricular 
tachycardia approximately 4 mg./L. was found 
to be the critical blood level preventing recur- 
rent attacks. Four relapses occurred when the 
level was 3.3, 3.5, 3.3 and 2.5 mg./L. Sinus 
rhythm was reestablished at levels of 4.1, 4.3, 
5.6 and 4.6 mg./L. 

The average net peak level (subtracting the 
morning residual level resulting from the 
previous day’s therapy) obtained with 0.2 Gm. 
every two hours for five doses was 3.9 mg./L.; 
for 0.4 Gm. every two hours for five doses, 4.9 
mg./L.; for 0.6 Gm. every two hours for five 
doses, 5.5 mg./L. 

3\ hen fixed daily doses were given every 


four or six hours, a plateau was reached within 
seventy-two hours; it lasted three to four days 
and was followed by a gradual decline. The 
increment in blood level from single added doses 
was found to be 0.8 mg./L. with 0.2 Gm.; 1.2 
mg./L. with 0.4 Gm. and 1.9 mg./L. with 0.6 
Gm. The increment progressively decreased 
after the first two or three doses when the same 
dose was given every two hours. Comparable 
blood levels were reached in six observations 
when oral and intramuscular quinidine were 
given to the same patient. 

An average of 49 per cent of the last evening 
level was still present in the blood approximately 
twelve hours later. Urinary excretion accounted 
for only 10 to 20 per cent of the total daily dose. 
Measurable blood levels were found as long as 
seventy-two hours and urine levels as long as 
forty-eight hours after quinidine was dis- 
continued. 

Tap Water Sodium in a Low Salt Diet. 
Seymour L. Cole, M.D. {by invitation and 
introduced by Edward Tyler, M.D. ), Los 
Angeles, California. 

Drinking water has frequently been over- 
looked as a source of sodium large enough to be 
considered when restricting that element in the 
solid part of the diet to 0.5 to 1.0 Gm. day. 

Analyses of the tap water of the Los Angeles 
County General Hospital show it to contain 25 
to 30 mg. sodium per 100 cc. The factors 
responsible are the high salt content of the 
original source, the Colorado River, and addi- 
tion of salt in the Metropolitan Water District 
and in' the hospital itself for softening purposes. 

Study of the low' salt diets of Schemm, 
Schroeder and others reveals them to allow 
1,000 to 2,500 cc. and more of drinking water 
per day. In addition there are 500 to 600 cc. of 
hidden w'ater used in the cooking of rice and 
preparation of leafy vegetables. Thus, an intake 
of 3,000 cc. of drinking water containing 30 mg- 
of sodium per 100 cc. in itself w'ould provide 
900 mg. of the allow'ed 1,000 mg. of sodium. 

Therefore, to attain a low salt diet distilled 
water or low sodium content w'ater should be 
substituted for tap w’ater of high sodium content 
in addition to other precautionary measures. 

Observations Concerning the Rise and 
Fall of Free and Esterified Chol- 
esterol in Rats Made Hyperciiol- 
esteremic by a New Method. Meyer 
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Friedman , M.D. and (by invitation ) S. 0. 
Byers, Ph.D., San Francisco , California. 
(From the Harold Brunn Institute for 
Cardiovascular Research, Mount Zion 
Hospital.) 

It was found possible to increase immediately 
the total cholesterol content of the rat’s plasma 
approximately 600 per cent above the normal 
level by the intravenous injection of a new prepa- 
ration of free cholesterol. 

Immediately following such injections into 
122 rats (30 mg. of cholesterol per 100 Gm. of 
body weight), the plasma free cholesterol con- 
tent rose from a preinjection level of 12 to 295 
mg. per 100 cc. However, no immediate rise 
occurred in the plasma esterified cholesterol. 
Three hours after the injection the free cho- 
lesterol fell to a value of 122 mg. per 100 cc. 
where it remained for approximately twelve 
hours. At this same time, however, the esterified 
cholesterol content of the rat’s plasma rose to a 
value approximately twice that of the pre- 
injection level and it remained at this increased 
concentration for over twenty-four hours. At 
the end of thirty-six hours both the free and 
esterified cholesterol content of the rat’s plasma 
had returned to pre-injection levels. 

By means of this new technic the rate of disap- 
pearance as well as the partial esterification of 
injected free cholesterol was studied in a 
quantitative fashion. 

Effect of Environmental Temperature 
on the Febrile Reaction to Typhoid 
Paratyphoid Vaccines and Other Py- 
rogens. R. Grant , Ph.D. (by invitation ), 
Marilyn Robbins , A.B., (by invitation) and 
V. E. Hall, M.D., Palo Alto, California. 

1 he febrile response to intravenous injection 
of pyrogens in rabbits includes inhibition of the 
mechanisms for heat dissipation (polypnea and 
cutaneous vasodilatation) and moderate in- 
crease of heat production. Oxygen production is 
maximal about twenty minutes after injection, 
and the increase is about 15 per cent of the 
control value for the first hour. This metabolic 
response is uniform at enviromental tempera- 
tures from 31 °c. to — 5°c. and in completely 
shorn animals at — 5°c. although control levels 
of oxygen consumption are about 110 per cent 
higher than normal under the last conditions. 
During the second and subsequent hours of fever 
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at moderate and high enviromental tempera- 
tures oxygen consumption usually remains 
slightly increased, but in animals exposed to 
severe cold oxygen usage shows sharp reduction 
below control values during the second hour 
associated with shivering. Recovery to normal 
or supranormal values follows during the third 
hour. In consequence of this inhibition of cold 
defense profound hypothermia develops follow- 
ing initial slight fever. At normal temperatures 
the second hour is marked by reduced inhibition 
of heat defense mechanisms or partial deferves- 
cence, and the third hour by renewed febro- 
genesis. Similar effects are obtained with an 
endogenous pyrogen (“Pyrexin”). 

Acute Coronary Artery Occlusion As- 
sociated with Early Electrocardio- 
graphic Findings Suggestive of Pre- 
dominantly Subendocardial Injury. 
A “New” Pattern of Myocardial In- 
farction. Hans IP. Hecht, M.D. and (by 
invitation) Leonard W. Ritzmann, M.D. 
Salt Lake City, Utah. (From the Depart- 
ment of Medicine, University of Utah 
College of Medicine.) 

It is assumed that predominantly subepi- 
cardial lesions of the heart muscle are charac- 
terized by electrocardiograms which display 
inversion of T and elevation of the RT segment 
in leads dominated by the effects of epicardial 
regions. In these leads subendocardial injury is 
suggested by upright T waves and by depression 
of the RT segment. As the exploring electrode 
of a unipolar system is primarily influenced by 
the electrical changes of adjacent tissues and to 
a much lesser degree by alterations in the 
electrical state of remote regions, subendocardial 
lesions must be more extensive than subepi- 
cardial involvement if changes of equal magni- 
tude are to be recorded by an epicardial 
electrode. This is demonstrated in human 
subjects when pressure injury by a venous 
catheter exerted over a region of a few mm. 
may cause a monophasic deformation of the 
endocardial electrocardiogram but which leaves 
a simultaneously recorded electrocardiogram 
of the subjacent epicardial surface unaltered. 

These considerations are supported by ob- 
servations on four patients, all with angina 
pectoris of many years’ duration, who entered 
the hospital with the typical signs and symp- 
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toms of recent myocardial infarction. The 
electrocardiograms taken within a few hours of 
the onset of the attack revealed striking dis- 
placement of the ST segment downward and 
in the opposite direction from the usual pattern. 
The QRS complexes were increased in voltage 
and lacked the characteristic Q, waves. In one 
patient the typical pattern of anterior myo- 
cardial infarction emerged after ten hours, in 
another deep inversion of the terminal portion 
of the T waves without ST segment changes 
replaced the original pattern. 

All patients died and postmortem examina- 
tions were performed on three. The examina- 
tions revealed recent myocardial infarction of 
the anterior wall of the left ventricle caused by 
complete closure of the descending branch of 
the left coronary artery in each instance. Ex- 
tensive narrowing of the remaining coronary 
arteries was present in all, with widespread 
diffuse and patchy fibrosis of the left ventricular 
musculature in addition to the recent infarction. 
Subendocardial necrosis was outstanding in 
all. 

It is concluded that the electrocardiograms 
demonstrated extensive subendocardial injury 
of the anterior wall. The endocardial injury was 
excessive because extensive narrowing of the 
vascular bed prior. to the final occlusion pre- 
vented adequate collateral circulation. 

The peculiar electrocardiographic pattern is 
a poor prognostic sign when seen during an 
episode of acute myocardial infarction. 

Experimental Interauricular Septal De- 
fects. Sanford E. Leeds , M.D., William 
Birsner, M.D. {by invitation ) and Orrin 
Cook, M.D. {by invitation), San Francisco, 
California. (From The Harold Brunn 
Institute, Mount Zion Hospital.) 

The production of interauricular septal defects 
by surgical means may become important if it 
could be shown that patients with severe mitral 
stenosis would be benefited by such a procedure. 
Closure of large congenital auricular septal 
defects would be most advantageous if an 
entirely satisfactory technic could be devised. 
I' or these reasons an operation which could be 
done with low mortality and no loss of blood, 
was developed for production of interauricular 
septal defects in dogs. After producing the 
defects the animals were studied with the 
catheter technic. 


Mechanism and Efficacy of Dibenamine 
Protection Against Spontaneous Cy- 
clopropane Arrhythmias in Surgical 
Patients. Mark Nickerson, Ph.D. {by 
invitation) Hugh 0. Brown, M.D., and Scott 
M. Smith, M.D. {by invitation), Salt Lake 
City, Utah. (From the Departments 
of Pharmacology and Anesthesiology, 
University of Utah College of Medicine.) 

The subjects of this study were healthy young 
adults undergoing elective surgery. Premedica- 
tion was given with barbiturate, morphine and 
scopolamine. Patients were uniformly carried 
through all planes of surgical anesthesia to 
respiratory arrest and back to plane I over a 
period of about thirty minutes with unsupple- 
mented cyclopropane. In plane iv and stage iv 
adequate oxygenation was maintained by 
pressure on the rebreathing bag, except for 
short periods during which the effects of anoxia 
were observed. Continuous electrocardiographic 
tracings, usually lead n, were obtained. 

Control patients developed arrythmias in all 
planes of surgical anesthesia. These irregulari- 
ties increased exponentially with the depth of 
anesthesia. Ventricular tachycardia regularly 
developed in plane iv or stage iv. The arrhyth- 
mias were found to be accentuated by anoxia. 

Premedication (one-half to twelve hours prior 
to operation) with 5 mg./Kg. of dibenamine 
only slightly reduced the incidence and severity 
of arrhythmias, but 7.5 mg./Kg. almost com- 
pletely eliminated them. Such irregularities as 
did occur tended to increase exponentially with 
the depth of anesthesia as in the control series. 
No serious untoward reactions were noted. 

Dibenamine protection against cardiac ar- 
rhythmias does not appear to be merely second- 
ary to the effects of the drug on the peripheral 
circulation. The mean blood pressure in the 
three groups during anesthesia was not signifi- 
cantly different and the dose of dibenamine 
required to prevent cardiac arrhythmias was 
definitely higher than the dose (5 mg./Kg.) 
required to reverse the blood pressure response 
to epinephrine or sympathetic nerve activity m 
humans. 

Hypersensitivity to Penicillin. J. h. 
Waldo, M.D. and Jeanne T. Tyson , B.A. 
{by invitation and introduced by M. M. Win- 
trobe) Salt Lake City, . Utah. (From the 
Department of Medicine, University of 
Utah College of Medicine.) 
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In certain instances it has been possible to 
demonstrate by passive transfer, employing the 
Prausnitz-Kiistner technic, a circulating anti- 
body to penicillin. This passive transfer was 
possible only from those subjects with a severe 
reaction and then only during the most active 
phase of their reaction. The antigen employed 
for the passive transfer was crystalline penicillin 
dissolved in saline. 

Experimental studies of penicillin sensitivity 
in animals are now in progress. By binding 
crystalline penicillin to pure human albumin 
we have been able to produce an antibody in 
rabbits which gives a fairly strong complement 
fixation reaction with the albumin-penicillin 
mixture after all reactivity to human albumin 
has been absorbed. Penicillin alone administered 
to the rabbit has failed to produce such an anti- 
body. We also have some evidence that when 
penicillin is bound to human albumin the result- 
ing antigenic product behaves in the manner 
of a mixed antigen while the human albumin 
used in the experiment behaves in the manner 
of a pure antigen. Quantitative studies of this 
antigen-antibody system are now in progress. 

Inasmuch as it is known that penicillin does 
bind in vivo to albumin, it seems reasonable to 
suppose that when penicillin is administered to 
man the penicillin haptene coupled to albumin 
in vivo constitutes an antigen for the production 
of antibodies specific to this haptene group. 
This might well account for the penicillin 
sensitivity reactions that are observed in man. 

Excitation of Human Auricular Muscle 
and Significance of the Intrinsicoid 
Deflection of the Auricular Electro- 
cardiogram. Lowell A. Woodbury , Ph.D. 

(by invitation ) and Hans H. Hecht, M.D., 
Salt Lake City, Utah. (From the Depart- 
ments of Physiology and Medicine, 
University of Utah College of Medicine.) 

Electrocardiograms obtained by cardiac 
catheterization in man reveal a characteristic 
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form when the electrode is brought into contact 
with or closely adjacent to auricular muscle. 
The similarity of human records to those ob- 
tained from isolated muscle strips of lower 
animals is inescapable. It stimulated the re- 
examination of the “dipole” concept of the 
membrane theory of cardiac excitation and 
recovery. 

Theoretical considerations support this con- 
cept. The wave of excitation may be viewed as 
a band in which the membrane is partially 
depolarized. The band is not sharply demarcated 
but shades from complete polarization on the 
leading edge to complete depolarization on the 
following edge. This is equivalent to two line 
charges of opposite sign the effective width of 
the band apart and submerged in a volume 
conductor. If a model is constructed or if the 
circles of equipotentials that arise from the two 
line charges are plotted and if a point repre- 
senting the electrode is placed so that the mov- 
ing line charges pass under or very close to the 
point, a diphasic curve may be constructed 
geometrically and expressed mathematically. 
The theoretical curve very closely resembles the 
recorded action potentials from human auricu- 
lar muscle in situ. 

Practical considerations deal with the defini- 
tion and clinical application of the intrinsic 
deflection of Lewis which defines the moment 
that the band begins to pass under the electrode 
and the semidirect or intrinsicoid deflection of 
Wilson that defines a similar event for semi- 
direct leads. It is demonstrated that with the 
exception of certain esophageal positions no 
true intrinsicoid deflection and no truly semi- 
direct leads exist for auricular muscle in man. 
The impact of these considerations for the diag- 
nosis of auricular enlargement and for the so- 
called pattern of mitral and pulmonic P waves 
will be discussed on the basis of observations 
obtained from detailed analysis of simultane- 
ously recorded esophageal and precordial 
auricular leads. 
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Case Report 


Ghiari’s Syndrome-Obliterative Endophlebitis 

of the Hepatic Veins* 


Hilary H. Holmes, m.d. and George Melcher, m.d. 
New York, New. York 


h — s^he term Chiari’s syndrome has 

; been loosely applied in the past 

l twenty years to many diseases in 
which there is obstruction or thrombosis of 
the hepatic veins, regardless of the under- 
lying etiology. Chian, 1 in 1899, described 
three cases which he believed fell into a 
separate pathologic entity, i.e., primary 
obliterative endophlebitis of the hepatic 
veins. He also included in his paper seven 
other cases in which the cause of death 
was an obliterative thrombosis of the 
hepatic veins but in which the thrombosis 
was thought to be secondary to another 
etiologic basis, e.g., peritonitis, congenital 
malformation of the hepatic veins, cir- 
rhosis, etc. 

Although Budd 2 first reported a case of 
hepatic vein occlusion, he recorded very 
few clinical details of the patient’s course. 
The autopsy findings of peritoneal, pleural 
and pericardial adhesions which he de- 
scribed are compatible with the findings in 
polyserositis as the underlying cause of the 
occlusion. 

Thirteen cases of hepatic vein thrombosis 
have been found in 15,300 consecutive 
autopsies performed by the Department of 
Pathology of Columbia University, but the 
one reported herein is the only one which 
falls under the heading of Chiari’s syn- 
drome as he described it. The lesions 
associated with hepatic vein obstruction in 
the other patients were carcinoma in four, 
sarcoma in two, liver abscesses in three, 
operative procedure in one (porta-caval 
shunt), cavernomatous transformation of 


the portal vein in one and polycythemia 
vera in one. Any lesion which may involve 
the hepatic veins due to proximity or which 
causes generalized thrombosis, such as 
neoplasms, scars, inferior vena caval throm- 
bosis, abscesses, gummas, enlarged lymph 
nodes, polycythemia vera and many others, 
may produce occlusion of the hepatic veins. 
Recently all of these diseases have been 
lumped together under the term Chiari s 
syndrome (Budd’s syndrome might be more 
appropriate as Chiari distinguished be- 
tween this secondary type of obstruction 
and that due to primary thrombosis). 

The basis for primary obliteration of the 
hepatic veins has not been adequately 
explained. Chiari believed that the under- 
lying process was an inflammation of the 
vein wall whereas Thompson and Turnbull 
suggested thrombophlebitis as its cause, 
the changes in the vein walls being second- 
ary to the thrombi. Satke 4 reported four 
cases of obliterative endophlebitis of the 
hepatic veins, and he presented histologic 
evidence for Chiari’s contention that the 
primary change is thickening of the endo- 
thelium of the vein wall and that thromboses 
are secondary. Kelsey and Comfort'’ sum- 
marized the theories for the predilection 
for the hepatic veins as a site for thrombosis. 
They pointed out that retardation of don 
at the diaphragmatic level by pressure 
changes in the thorax along with mcchanica 
factors at the ostia of the veins which suspenc 
the liver from the vena cava might be factors 
in the pathogenesis of thrombosis. Other 
hypotheses include Rosenblatt’s 0 idea o 
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congenital occlusion of the hepatic veins, 
and Moore’s 7 theory of reactivation of the 
tendency to obliteration such as occurs in 
fetal ductus venosus. Hutchinson and Simp- 
son 8 suggested that the intra-uterine ob- 
literation of the venae revehentes might 
continue too far. Whatever the pathogene- 
sis, hepatic vein occlusion is extremely rare 
and invariably fatal. 

Hirsh and Manchester 9 summarized 'the 
seventy cases reported up to 1946 and dis- 
cussed the various causes of obstruction of 
the hepatic veins. They pointed out that 
there is an acute and a chronic form of the 
disease, depending upon whether the oc- 
clusion is partial or complete and whether 
recanalization occurs. Although the disease 
may occur at any age, over 50 per cent of 
the reported cases occurred between the 
ages of twenty and forty. Both sexes are 
equally affected. 

The clinical symptoms reflect the rapidity 
of the process of occlusion. Invariably the 
fiist symptom is abdominal pain or discom- 
fort, most marked in the upper abdomen. 
This may continue for months before the 
patient seeks medical assistance, or it may 
be sudden and severe. Abdominal enlarge- 
ment is usually noted by the patient or his 
friends. A history of icterus is unusual. In 
cases of several months’ duration peripheral 
edema is usually present. 

The acute form and the terminal episode 
in the chronic form of the disease is that of 
severe upper abdominal pain resembling 
an abdominal catastrophe, vomiting and 
rapid enlargement of the abdomen. Upon 
examination the patient is usually in shock. 
1 here is splinting of the abdomen, marked 
enlargement and tenderness of the liver, 
ascites and splenomegaly, again depending 
upon the rapidity of occlusion. Mild icterus 
and acidosis may now be present. Coma 
rapidly ensues and death due to hepatic 
insufficiency occurs within a few hours to a 
few days. 

Experimentally, the syndrome has been 
reproduced in animals. Simonds and Calla- 
way 10 produced sudden complete obstruc- 
tion of the hepatic veins in dogs, causing 
march, 1949 


399 

marked enlargement of the liver, shock and 
rapid death similar to the pattern in Chiari’s 
syndrome. 

The case to be described very closely 
resembles the first of the three cases which 
Chiari described, and the autopsy findings 
are typical of the other cases reported in the 
literature. 

CASE REPORT 

A. F., a twenty-three year old white female 
proof-reader, was transferred in coma to the 
Presbyterian Hospital from the Muhlenberg 
Hospital in Plainfield, N. J., on April 22, 1947. 

Her past history, taken from the patient at 
that hospital, revealed vague abdominal pain, 
gradual enlargement of her abdomen and a 
weight gain of 23 pounds over the past year. 
Her diet had been deficient in protein and her 
alcoholic intake had been excessive for more 
than two years. Six months before admission 
she had fallen from a horse and sustained a head 
injury with a large facial hematoma but had not 
lost consciousness or had any other signs of 
central nervous involvement. In 1942 she had 
an attack of primary atypical pneumonia from 
which she recovered completely. During the 
past few months she had had several attacks of 
upper abdominal distress, the last episode being 
one month before- when she had experienced 
rather severe epigastric pain, anorexia, nausea 
and vomiting. This attack lasted only twenty- 
four hours. At no time had she been noted to 
have any signs, symptoms or hematologic 
findings of polycythemia vera. She had not been 
exposed to hepatotoxins or jaundiced persons. 
Six days before admission she had been vac- 
cinated with smallpox vaccine. 

The onset of her present illness was forty- 
eight hours before admission to the Muhlenberg 
Hospital when during the morning she began 
to have intermittent upper abdominal “gas” 
pains. Shortly after the onset the pains became 
generalized throughout her abdomen and were 
moderately acute. The following day she ex- 
perienced some nausea and vomiting and took 
several enemas, productive of brown stools, with 
temporary relief. About one hour after her 
evening meal on the second day of her illness the 
pains and vomiting recurred with increased 
severity. 

A physician %vas called at that time and he 
noted that her liver was enlarged. He adminis- 
tered a sedative and advised hospitalization. 
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However, she remained at home and was seen 
again the following morning. At this time she 
was in profound shock and was immediately 
hospitalized. 

Upon admission to the Muhlenberg Hospital 
her temperature was 94.4°f., apical pulse 88, 
respirations 32 (regular). The blood pressure 
was unobtainable. She was somnolent and 
slightly cyanotic although she was sufficiently 
alert to give a satisfactory history. She corq- 
plained of drowsiness, shortness of breath and 
pain in her right shoulder since early morning. 
Her pupils were constricted and reacted slug- 
gishly to light. The fundi showed engorged veins. 
The only other positive physical findings were a 
distended abdomen containing a .fluid wave, 
liver enlarged to 8 cm. below the costal border 
and spleen enlarged to 5 cm. below the costal 
border. No peripheral pulses were palpable. 

Admission studies revealed the following: 
hemoglobin 21 Gm. (145 per cent); red blood 
cells 11,680,000; white blood cells 44,900 (nep- 
trophiles 89, lymphocytes 11, eosinophiles 1); 
hematocrit 85 per cent (checked on two speci- 
mens of blood); non-protein nitrogen 67 mg. 
per cent; serum uric acid 5 mg. per cent; 
cholesterol 210 mg. per cent; icterus index 8; 
serum chlorides 400 mg. per cent; CO* 28 vol- 
umes per cent; serum proteins 11.4 Gm. per 
cent (by the copper sulfate method and checked 
by the Kjeldahl method); urine albumin 4 plus, 
with occasional red blood cell and white blood 
cells in the microscopic examination. 

A 500 cc. phlebotomy was performed and 
1,500 cc. of saline administered. Shortly after 
the phlebotomy and the infusion of saline a 
repeat count showed that the red blood cells 
had fallen to 8,320,000, hemoglobin to 20.7 Gm. 
and hematocrit to 77 per cent. Leukocytosis 
increased to 62,400 with 89 per cent neutro- 
philcs. The blood smear was reported to show 
2 per cent myelocytes, many large platelets 
but no myeloblasts. 

During the day her blood pressure ranged 
from 80/60 to 118/80. Her temperature rose 
to 100.2°f. during the evening of the first day in 
that hospital. She was very' restless all day but 
no sedatives were administered. Heparin, 10 mg., 
was given intravenously soon after admission, 
and another 15 mg. within three hours, but no 
venous clotting times were recorded. 

Twelve hours after admission, following in- 
travenous administration of 3,000 cc. of 5 per 
cent glucose in water, the total protein had 


fallen to 5.75 Gm. A blood count then showed 
further reduction of red blood cells to 7,800,000 
and a hemoglobin of 17.5 Gm. (120 per cent). 
At that time she was rational, with less discom- 
fort and was sitting up talking to her family. 
Later that evening she lapsed into a coma and 
on the following morning, April 22, 1947, she 
was transferred to the Presbyterian Hospital. 
Immediately prior to transfer the red count was 
6,350,000, white blood cells 28,600 (89 per cent 
neutrophiles) and hematocrit 55 per cent. 
Other laboratory reports from that hospital 
showed a slightly positive reaction for blood in 
her feces and vomitus. 

Physical examination upon admission to 
Presbyterian Hospita ) revealed a dark-com- 
plexioned, young adult female in a deep coma. 
Her temperature was 98.2°f., pulse 100, respira- 
tions 28, and blood pressure in the left arm 
112/80. She responded only to painful stimuli. 
Her skin was cool and moist, with no eruption, 
petechiae, cyanosis or jaundice but had a 
peculiar alabaster hue. Her entire body seemed 
edematous but no pitting could be made out. 
She was breathing deeply, and an “amine odor” 
was noted on her breath. The pupils were 
widely dilated, equal and reacted sluggishly to 
light. Her conjunctivae were injected and the 
right cornea had a small abrasion over its 
surface. Her sclerae were not icteric and the 
fundi were normal. The jaw was held rigidly in 
trismus; her tongue was abraded from bites and 
she was intermittently grinding her teeth to- 
gether. Ear, nose and throat examination was 
otherwise normal. The neck was supple and 
glandular adenopathy was not present. The 
lungs were clear. The heart was not enlarged; 
there was regular sinus rhythm; sounds were of 
good quality. No murmurs were heard and As 
equalled P 2 . The abdomen was distended and a 
fluid wave was present. The liver was enlarged 
to 5 finger-breadths below the costal margin, 
was firm, not nodular and pressure over it 
caused groans from the patient. The spleen 
could not be palpated and no other masses or 
organs were noted. Rectal examination was 
negative and the stool specimen obtained was 
brown and guaiac negative. The extremities 
' exhibited intermittent episodes of spasm or tonic 
contractions. Reflexes were equal and active 
throughout and inconstant Babinski signs were 
present. The abdominals and ankle jerks were 
absent. The Chvostck sign was positive but the 
Trousseau was negative. 
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Laboratory findings on admission were: 
hemoglobin 17.5 Gm.; red blood cells 5,500,000; 
white blood cells 43,500 with 92 per cent neu- 
trophiles; platelets 668,000; erythrocyte sedi- 
mentation rate 0; hematocrit 60.9 per cent; 
urine specific gravity 1.008, acid reaction, 
albumin 3 plus, glucose negative, bile negative 
and upon microscopic examination 10 to 12 
red blood cells per high power field as well as 
40 to 50 white blood cells per high power field 
were seen. Serum urea nitrogen 36 mg. per cent; 
serum sugar (with 5 per cent dextrose infusion 
running into the opposite arm) 133 mg. per cent; 
alkaline phosphatase 9.5 Bodansky units; serum 
bilirubin 2.3 mg. per cent; cholesterol 61 mg. 
per cent; cephalin flocculation 4 plus; serum 
protein 4.6 Gm. per cent (albumin 4.0 and 
globulin 0.6); Kline test negative; serum amy- 
lase 44 Myers and Killian units; prothrombin 
time 35 seconds (normal 14 + 1 seconds); CO 2 
41.5 volumes per cent; serum chlorides 86.7 
mEq./L.; serum calcium 8.3 mg. per cent; 
venous clotting time three minutes and forty-five 
seconds; blood culture showed no growth; x-ray 
of the chest revealed no evidence of pulmonary 
disease; x-ray of the abdomen showed ascites, 
with a single gas-filled loop of small intestine on 
the right side. The patient was seen by a surgical 
consultant who thought that there were no 
indications for abdominal exploration. A neuro- 
logic consultant agreed that her central nervous 
system symptoms were undoubtedly due to 
hepatic insufficiency but added that postvac- 
cinal encephalitis might also be complicating 
the picture. A lumbar puncture was done, with 
normal pressure findings and no cells were found 
in the spinal fluid. 

She remained in a deep coma and was treated 
with 600 cc. of plasma and almost continuous 
intravenous glucose which was administered 
slowly. Eight hours after admission the hemat- 
ocrit had fallen to 54 per cent. She was also 
given penicillin in a dosage schedule of 100,000 
units every three hours. She was catheterized 
every six hours, but only 110 cc. of urine were 
obtained over the twenty-three hour period. 
Twenty hours after admission it was noted that 
she was definitely icteric, that the liver was 
larger by 2 finger-breadths, the spleen was 
palpable and more ascites had accumulated. 
Her urine showed 1 plus bile. Blood studies 
then showed a hematocrit of 49 per cent; alka- 
line phosphatase of 10.2 Bodansky units; bili- 
rubin 3.4 mg. per cent; serum urea nitrogen 
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53 mg. per cent and serum amino acid nitrogen 
of 5.5 mg. per cent. 

Her course was progressively downhill and 
her temperature rose to 102.8 °f. Twenty-three 
hours after admission she suddenly became 
cyanotic and ceased breathing. 

The significant findings at autopsy were the 
following: Grossly, the abdomen was moder- 
ately distended. When the incisions were made, 
the subcutaneous tissues of the trunk and body 
musculature appeared to be water-logged. Two 
hundred cc. of clear yellow fluid were found in 
each thoracic cavity, 2 liters of fluid of a 
similar nature were present in the peritoneal 
cavity. Large masses of coagulated protein 
material were pulled away from the retroperi- 
toneal spaces. The heart weighed 260 Gm. and 
was not remarkable, except for three small, 
stringy clots in the right auricle and ventricle. 

The lung surfaces were wet and mottled, 
purple-red and yellow. There was moderate 
congestion and edema on section, and the 
base of the right lower lobe was atelectatic. 

The spleen was markedly enlarged, weighed 
620 Gm. and was more firm than usual. Through- 
out its substance could be seen a few whitish 
nodules averaging 2 mm. across. One larger 
nodule raised the capsule slightly. All appeared 
spherical on section. 

The liver was markedly enlarged and weighed 
2,500 Gm. The whole organ had the usual con- 
sistency. Its color was derived from two elements: 
confluent, irregularly rounded, yellow spots 
averaging 2 mm. across and standing out against 
the dark purple background. Upon section the 
details were clearer, with yellow portions pro- 
jecting above the dark, bloody background, 
suggesting swollen lobules surrounded by hemor- 
rhagic and necrotic stroma. Throughout the 
parenchyma, white, firm, fibrous, cord-like 
structures were encountered on multiple section, 
the manner of their branching suggesting blood 
vessels. Occasionally the structure of a vein 
could be discerned, occluded with connective 
tissue and sometimes partially canalized. Another 
lesion seen on multiple section was an irregular, 
opaque, soft mass of tissue of a paler yellow, 
through the center of which there was a vein 
occluded by a thrombus. A similar soft thrombus 
was found adherent to the wall of one of the 
main intrahepatic branches of the portal vein, 
with other thrombi found in the lumen of the 
portal vein as it was followed into the mesentery. 
(Figs. 1 and 2.) 




1 2 
Fig. 1. Gross appearance ofliver. Thrombi are present in nearly all of the larger hepatic vein radicles. In the center 
of the infarct on the right is a vein occluded by a thrombus. 

Fig. 2. Another section of liver showing extreme congestion, patchy infarction and thrombosis. 



Fig. 3. Low power microscopic section of the liver. The sparing of the periportal areas by the hemor- 
rhagic coagulative necrosis is well illustrated. 

Fig. 4. This low power section shows two hepatic vein radicles partially occluded by recent thrombi, 
some inflammatory reaction within the vein walls and necrotic liver parenchyma adjacent to the 
veins. 


The kidney cortices were unusually homog- 
eneous, smooth, red-brown in color and with- 
out distinguishing landmarks. The capsules 
stripped easily, and the pelves and calyces were 
not remarkable. The right ovary contained a 
2 cm. cyst. The intestinal wall was thickened 
with edema and its mucosa was congested. 

The thyroid and the bone marrow were not 
unusual, except that they were redder than is 
ordinarily fqund. 

The gyri of the cerebrum were slightly flat- 
tened and the sulci correspondingly narrowed 
throughout. Otherwise, there were no remark- 
able gross findings. 

The significant microscopic findings were the 
following: The heart showed an area of diffuse 
hemorrhage in the myocardium close to the 
epicardium of the left ventricle. A small, free 
thrombus was noted adjacent to the endocardial 
surface of the right ventricle and its sectional 
outline was rounded, suggesting an origin 
within a small vessel. 

In the lungs there was a slight amount of 
coagulated protein material in certain alveoli. 


Many alveoli were filled with red blood cells. 
Small thrombi were found in many of the 
smaller pulmonary artery radicles, one showing 
almost complete organization. 

The spleen showed chronic congestion, and 
section through the largest aspect of the sub- 
capsular whitish nodule showed it to be circum- 
scribed. It compressed the adjacent parenchyma, 
indicating expansile growth. The small tumor 
was composed of tissue resembling red pulp, 
with exaggerated sinusoidal walls, containing 
no Malpighian corpuscles. It was considered 
to be a benign hamartoma. 

In the liver there was widespread congestion 
and hemorrhagic coagulative necrosis which, 
as a rule, spared the periportal areas. Thrombi 
were found in the hepatic veins, frequently 
attached to their walls. (Figs. 3 and 4.) There 
was marked inflammatory reaction in the walls 
of some small veins. A large vein, half-occluded, 
showed strands of pink-staining fibrin-like 
material in its wall. The wall was thin at severa 
points and at one point was broken and a patch 
of new fibrous tissue was present. Outside some 
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Fig. 5. A high power view of a thrombosed vein in which complete organization and recanalization 
have occurred. 

Fig. 6. In this section there is a vein partially occluded by an old, organized thrombus with super- 
imposed fresh thrombosis. 


of the veins the connective tissue was quite 
edematous. Some veins were completely organ- 
ized and showed varying degrees of canaliza- 
tion. (Figs. 5 and 6.) 

The kidneys had congested glomeruli. The 
convoluted tubules contained a granular precipi- 
tate and appeared slightly distended. The proxi- 
mal convoluted tubular cells projected into the 
lumina. The cytoplasm of all the cells was 
homogeneous and granular. In the collecting 
tubules masses of granular, red-staining ma- 
terial were seen. One of the pelvic veins showed 
an edematous wall and contained several 
rounded pieces of thrombus. 

The bladder was not remarkable except for 
occlusion of a small artery by fibrous tissue. A 
vein in one of the Fallopian tubes was blocked 
and distended by a thrombus as were one artery 
and several veins in the ovaries and mesovarium. 
There were veins in the mesentery containing 
thrombi either completely or partially occluding 
them. 

The stomach, small intestine and colon 
showed edema of the muscular layers and oc- 
casional veins containing fragments of thrombi. 

The bone marrow showed an increase in the 
megakaryocytes in all fields. 

The only lesion of note in the brain and spinal 
cord, other than a congenital extradural cyst 
with herniation of the arachnoid membrane at 
the eighth thoracic vertebral level, was conges- 
tion and edema of the brain. 

Anatomic diagnoses were as follows: thrombi 
in the hepatic veins; thrombi in many small 
veins, generalized; necrosis of the liver; ascites 
and hydrothorax, bilateral; edema of the brain; 
emboli in the smaller pulmonary arteries; 
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increase in the bone marrow megakaryocytes; 
benign hamartomas of the spleen. 

COMMENTS 

The case herein reported, of obscure 
etiology, is believed to be fairly typical of 
the independent obliterative endophlebitis 
of the hepatic veins seen in the three cases 
described by Chiari , 1 and in several of the 
cases reported by Hess 11 and Satke . 4 

The sudden terminal episode of severe 
abdominal pain, shock of an extreme nature, 
and coma and death due to hepatic insuffi- 
ency was due undoubtedly to the final, 
almost complete occlusion of the hepatic 
veins resulting in massive congestion and 
necrosis of the liver parenchyma. 

The intermittent bouts of upper ab- 
dominal pain and abdominal swelling in 
the months prior to the final episode were 
probably associated with the inflammatory 
process in the hepatic veins and occlusion 
of smaller radicals. The history of trauma 
six months before death must be considered 
to have a possible role in the etiology, but 
there were no immediate abdominal symp- 
toms nor were there any in the two months 
following her accident. Thrombosis of the 
hepatic veins is one of the most serious 
complications of polycythemia vera , 12 and 
in this case that diagnosis was suggested 
in the beginning because of the extreme 
hemoconcentration. It was believed that 
this dyscrasia was ruled out by the fact that 
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she had never had any suspicion of poly- 
cythemia previously, that her plasma pro- 
teins were 1 1 .4 Gm. per cent when she was 
polycythemic and on subsequent hydration 
fell even to below normal limits, that she 
was in profound shock at the time her high 
red count and hematocrit were taken and 
that her bone marrow was not hyperplastic 
on microscopic examination. 

Thromboses occurred in many other 
vessels throughout the body in addition to 
those in the hepatic veins, and somewhat 
similar findings have been seen in the 
syndrome of acute febrile anemia and 
thrombocytopenic purpura with capillary 
platelet thromboses described by Mosch- 
kowitz 13 and Baehr. 14 However, the elevated 
platelet count in this case and the absence 
of purpura, anemia and generalized capil- 
lary and precapillary hyaline thrombi 
differentiates this case from those. The 
complete intrahepatic thromboses and mas- 
sive necrosis of the liver make the thrombo- 
ses elsewhere in the body assume only 
secondary importance although they are 
undoubtedly based upon the same etiology 
whatever that may be. 

Sproul 15 reviewed the occurrences of 
multiple venous thromboses in carcinoma 
of various sites, especially in the body and 
tail of the pancreas, but in the absence of 
carcinoma this warrants only passing con- 
sideration in the differential diagnosis of 
this unusual lesion. 

SUMMARY 

A case of Ghiari’s syndrome, idiopathic 
obliterative endophlebitis of the hepatic 
veins, is presented with the clinical and 
pathologic findings. 

A distinction is made between obliterative 
endophlebitis of the hepatic veins as seen 
in this syndrome and occlusion due to other 


intrahepatic or extrahepatic diseases in 
which the hepatic veins are secondarily 
involved. 
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Editorial 

New Antibiotics 


W ithin the past year three new 
antibiotics have been announced 
for the treatment of certain in- 
fections that have failed to respond to peni- 
cillin or streptomycin. They are Chloro- 
mycetin, aureomycin (Duomycin) and 
bacitracin. 

Great interest has been focused on 
Chloromycetin, 1 especially in the treatment 
of rickettsial diseases (epidemic typhus, 
scrub typhus, Rocky Mountain spotted 
fever and Q fever) and typhoid fever. 
There seems to be litde doubt that this new 
antibiotic is highly effective in all of the 
human rickettsial diseases that have been 
studied. The duration of the disease is 
definitely shortened following its use and 
the clinical course is changed in a striking 
manner within twenty-four to seventy-two 
hours after Chloromycetin is started. Chloro- 
mycetin is effective when given by mouth 
and the side effects are minimal. 

In typhoid fever the results of treatment 
with Chloromycetin have been extremely 
impressive. When treatment was started 
in the first two weeks of the disease, the 
average duration of fever was only 3.5 days 
after treatment was started. The average 
duration of the febrile course of the disease 
m the treated cases was approximately 
12.5 days, whereas in a control group of 
patients who received no Chloromycetin 
the average duration of the disease was 
thirty-five days. The difference in the 

1 Woodward, T. E., Smadel, J. E., Lev, H., Jr.. 
Green, R. and Mankikar, D. S. Preliminary report on 
the beneficial effect of Chloromycetin in the treatment of 
typhoid fever. Ann. Ini. Med., 29: 131, 1948. 


duration of the disease in these two groups 
therefore was very significant. 

In addition to the rapid decrease in the 
fever there was evidence of improvement in 
the general condition of the patient and a 
decrease in the signs of intoxication within 
twenty-four hours. The bacteremia was 
cleared permanently in eight of ten cases. 
Chloromycetin in the doses that were used 
did not prevent relapses nor complications 
such as perforation and hemorrhage, even 
in the afebrile period of the disease. Re- 
lapses responded to further Chloromycetin 
therapy. 

It is plain, then, that Chloromycetin 
alters the clinical course of typhoid fever 
but with the dosage schedules that have 
been used so far relapses and complications 
even during the afebrile stage of the disease 
following treatment have not been pre- 
vented. Optimal dosage schedules should 
be explored further. 

The in vitro bacterial spectrum shows 
that chloromycetin is effective in small con- 
centrations against many gram-positive 
and gram-negative organisms. Moderately 
high concentrations are required for certain 
gram-negative bacilli and mycobacteria. 
It is ineffective against rabbit syphilis, 
protozoa and various fungi. It has been 
effective against the growth of some strains 
of psittacosis in eggs and mice. It does not 
have any effect against pneumococcic in- 
fections nor against various experimental 
virus infections in mice. It is quantitatively 
inferior to streptomycin against many 
bacterial infections in mice. 

So far as the information goes at present 
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the greatest field of usefulness for Chloro- 
mycetin would appear to be in the treat- 
ment of rickettsial infections and in typhoid 
fever. Further clinical studies are needed to 
define its place in the treatment of other 
bacterial infections and in virus infections. 

Aureomycin 2 has been used with great 
success in the treatment of human cases of 
acute brucellosis, lymphogranulorria ven- 
ereum, Rocky Mountain spotted fever, Q 
fever and in typhus fever. Some patients 
with urinary tract infections that were 
resistant to penicillin and streptomycin 
have responded favorably to aureomycin 
(Bacillus coli, aerogenes, Bacillus paracolon, 
Streptococcus faecalis). There is evidence 
from the study of experimental infections in 
animals that rickettsial infections and the 
psittacosis viruses respond favorably to its 
action. Bacterial infections of the con- 
junctivae caused by staphylococci, pneu- 
mococci and Hemophilus influenzae, cliplo- 
bacillus of Morax-Axenfeld and Tried- 
lander’s bacillus have been reported to 
respond favorably following the local use of 
aureomycin (aureomycin borate, 0.5 per 
cent concentration). Inclusion conjunctivi- 
tis, follicular conjunctivitis and herpes 
simplex of the cornea also have cleared 
under treatment. 

The favorable response of some patients 
with primary atypical pneumonia following 
aureomycin has been very striking. The 
temperature declines and the signs of 
intoxication regress in a period of thirty-six 
to seventy-two hours after the drug has 
been given. This is of great interest since 

' Aureomycin A New Antibiotic. (A series of sixteen 
articles by forty-three authors.) Ann. Xew York Acad. Sc., 
51 : 175 - 342 , 1948 . 


up to the present time aureomycin has not 
been found to be effective in any proved 
virus infection. It is also ineffective in 
Proteus vulgaris and Pseudomonas aeru- 
ginosa infections but its effect in Salmonella 
and typhoid infections is questionable. 

In brief, then, both aureomycin and 
chloromycetin have proved to be highly 
effective in rickettsial infections. In addition 
chloromycetin has a striking effect in 
typhoid fever whereas the effect of aureo- 
mycin in this disease is questionable. 
Aureomycin influences lymphogranuloma 
venereum, acute brucellosis and some cases 
of primary atypical pneumonia and urinary 
tract infections in a favorable sense and it 
has been used in penicillin- and strepto- 
mycin-resistant bacterial infections that are 
sensitive to aureomycin. 

Bacitracin 3 has been useful in the treat- 
ment of wound and ocular infections that 
are resistant to penicillin. Due to the fact 
that it has been difficult to prepare baci- 
tracin that is free of renal toxic factor, its 
use at present is limited to the treatment of 
local infections with solutions or ointments. 

It can be said that great advances are 
being made every year in the war against 
infections. One infection after another can 
now be treated with anti-infective agents 
that were non-existent ten years ago. It is 
not too much to expect that the search for 
new agents now in progress will yield 
additional remedies that will aid in the 
treatment of infections that cannot be 
controlled at the present time. 

Chester S. Keefer, m.d. 

3 Meleney, F. L., Altemeier, W., Lonoacre. A. B., 
Pulaski, E. j. and Zintel, H. A. The results of the 
systemic administration of the antibiotic, bacitracin, 
in surgical infections. A preliminary report. Ann. Surg.. 
128 : 714 - 731 , 1948 . : - 
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Clinical Studies 


Aureomycin in Typhus and Brucellosis* 

Vernon Knight, M.D.,f Francisco Ruiz-Sanchez, m.d., Amado Ruiz-Sanchez, m.d. 

and Walsh McDermott, m.d. 

New York , New York ' 


I n the summer of 1948 in the course of 
an investigation of the antimicrobial 
therapy of typhoid fever with various 
drugs, eleven patients with typhus | and 
five with brucellosis were treated with 
aureomycin. The studies were conducted 
in Mexico by a group of investigators from 
the University of Guadalajara and the New 
York Hospital-Cornell University Medical 
College. As a striking improvement oc- 
curred uniformly in the typhus and brucella 
infections immediately after the start of 
therapy, observations on these cases are 
reported at this time. The results of the 
typhoid study will be presented in a subse- 
quent report. 1 

typhus fever 

Clinical Material and Methods of Study. In 
Guadalajara typhus is a frequent cause of fever 
and is part of an endemic triad including 
brucellosis and typhoid fever. Official statistics 
are lacking, but an approximation of the local 
prevalence of typhus is supplied by the study of 
Ruiz-Sanchez and his associates 2 who found 
positive Weil-Felix agglutinations in 11.1 per 
cent of 704 specimens of serum submitted for 
other serologic testing. These investigators con- 
sidered as positive only those tests in which 
a gglutination occurred in a dilution of 1:50 or 
higher. With due consideration for the fact that 
the Weil-Felix test may remain positive for many 
months after a typhus infection, these data 
indicate that the disease is widespread in the 

1 One of these patients was treated at the New York 
Hospital during the period of the Mexican investigation. 


region. Murine typhus is the variety which 
occurs most frequently 3 and the clinical mani- 
festations of the Guadalajara disease are identical 
with those seen in the murine typhus of other 
localities. 

The characteristic findings in the typhus in- 
fections studied included: high fever, headache, 
a spotted rash in the first week of illness, spleno- 
megaly and various types of gastrointestinal 
disturbances. Leukopenia and relative brady- 
cardia are not uncommon so that in this locality 
it is virtually impossible to differentiate the 
early stages of typhus from the much more 
prevalent typhoid fever. Prostration is usually 
less severe in the typhus infections, however, a 
distinction which is occasionally of value. 
Complications of the typhus are not described 
and the case fatality rate is extremely low. All 
of the ten cases treated in Mexico clinically 
resem bl ed m u rin e typhus. The New Y ork H Ospi tal 
case was exposed to the rickettsia of endemic 
(murine) typhus in a research laboratory and 
also clinically conformed to the picture of the 
Mexican cases. 

The diagnosis of typhus was established in all 
ten of the patients treated in Mexico by demon- 
stration of a significant rise in agglutination 
titer in the Weil-Felix reaction. The final titer 
was as low as 1:160 in only one of these cases 
while in the others the titers ranged from 1 : 640 
to 1 : 3200. These results are presented in 
Table i arranged according to the day of the 
disease. 

The only other specific diagnostic procedure 
obtained was the complement fixation test.* 

* These tests were obtained through the courtesy of 
Doctor Herald Cox, Lederlc Laboratories Division, 
American Cyanamid Company, Pearl River. New York. 


* From the Institute for the Experimental Study of Infections of the University of Guadalajara. Jalisco, Mexico, 
and the Department of Medicine of the New York Hospital-Cornell University Medical College, New York. N. Y. 
The study was aided in part by grants from: The Division of Research Grants and Fellowships of the National Insti- 
tutes of Health, U.S. Public Health Service; the Lederlc Laboratories Division, American Cyanamid Company, Pearl 
River, New York; and Charles Pfizer and Company, Brooklyn, New York. 

t National Institutes of Health, U.S. Public Health Service, Postdoctorate Research Fellow. 
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The results of these tests are shown in Table n 
and are also arranged according to the day of 
disease. The titers observed indicate the presence 
of rickettsial antibodies in the majority of the 
cases, and in four the reaction was slightly 
greater against the rickettsiae of epidemic 


last seven patients treated in the series, also 
adults, received 175 to 200 mg. per Kg. per day 
in equally divided doses at three-hour intervals. 
One of the patients received therapy for twenty- 
four hours only, four for thirty-six hours and 
two for a total of forty-eight hours. (Table in.) 


Table i 

WEIL-FELIK REACTION* ACCORDING TO DAY OF DISEASE 



* Proteus OX 19 antigen, 
t Odd days reported on next day. 


typhus. The patient treated in the New York 
Hospital had several Weil-Felix tests with no 
agglutination, but a complement fixation test 
was reported in which titers of 1 :256 or greater 
against both endemic and murine antigens were 
observed. Unfortunately, however, it was not 
possible in any of the cases to obtain rickettsial 
agglutination tests in order to determine whether 
the individual infections treated were murine or 
epidemic typhus. For the reasons presented 
above it is believed that all of the group were 
infected with the murine variety. 

Examinations of the urine and determinations 
of the total leukocyte and erythrocyte counts 
and the concentration of hemoglobin were made 
before and after therapy. The results were con- 
sistent with the diagnosis of typhus and revealed 
no evidence of aureomycin toxicity. 

Aureomycin was administered orally in 
divided doses in 100 and 250 mg. capsules. The 
first three patients treated were adults who 
received 6 Gm. the first day and 4 Gm. daily for 
five additional days (approximately 53 to 89 mg. 
per Kg. per day). The New York Hospital 
patient received 6 Gm. daily for three days and 
4 Gm. daily for the four succeeding days 
(approximately 90 mg. per Kg. per day). The 
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No determinations of the concentrations of 
aureomycin in the blood were made in any of 
the cases. 

Antimicrobial therapy was started on or be- 
fore the eighth day of the disease in eight pa- 
tients, and on the tenth, twelfth and sixteenth 
day in the remainder. A summary of the data 
concerning dosage and clinical course is pre- 
sented in Table m. 

RESULTS 

In every instance the institution of 
therapy was followed by a remarkable 
improvement in all of the signs and symp- 
toms of the typhus. The change was clearly 
evident in the first twenty-four hours in all 
the patients although in four the fever per- 
sisted longer and in one case for as long as 
seventy-two hours. Even in these four pa- 
tients, however, the temperature was never 
elevated to more than 38°c. after the first 
day of chemotherapy. Headache and gastro- 
intestinal symptoms disappeared overnight 
and the rash, when present at the start of 
therapy, faded completely in two to three 












Aureomycin- 

days. The duration of fever after therapy 
may be seen in Table hi and Figure 1. 

Other than occasional vomiting of the 
medication no significant toxic effects were 
observed in any of these patients. In no 
instance was the vomiting of sufficient 
severity to cause therapy to be discontinued. 
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between three and six months following 
the treatment with aureomycin. 

BRUCELLOSIS 

Clinical Material and Methods of Study. Five 
young adults with brucellosis were treated with 
aureomycin. Four were acutely febrile at the 


Table ii 


COMPLEMENT FIXATION* ACCORDING TO DAY OF DISEASE 


Patient 

Antigen 

Day after Onset 

6 

8 

10 

12 

14 

16 

18 

20 

22 

R. Gon. 

Epidemic 

Murine 

Anti-comp. 

l:32f 

1:16 

1:8 


1:32 

1:16 

1:8 






1 

W. Ro. 

Epidemic 

Murine 

Anti-comp. 








1:32 

1:16 

1:4 

n 

P. De. 

Epidemic 

Murine 

Anti-comp. 





1:16 

1:8 


1:32 

1:16 

1:4 



F. Mo. (NYH) 

Epidemic 

Murine 






■ 

1:256J 

l:256f 



L. Av. 

Epidemic 

Murine 



.... 


0 

0 





P. Os. 

Epidemic 

Murine 





1:16 

0 





R. Gom. 

Epidemic 

Murine 

not tested 
not tested 








G. He. 

Epidemic 

Murine 

mm 

■ 


0 

0 






E. Al. 

Epidemic 

Murine 

not tested 
not tested 







— 

A. Nu. 

Epidemic 

Murine 

not tested 
not tested 







T. Go. 

Epidemic 

Murine 



— 

0 

1:4 







* The writers are indebted to Dr. Herald Cox, Lederle Laboratories Division of American Cyanamid Co., for the 
performance of these tests. 

t Each value represents titers interpreted as 3 -f- or greater. 

, t Or higher. 

Relapse of the infection has not been start of therapy and one was afebrile with a 
observed. The subsequent course of the chronic form of the disease. In the febrile group 
group has been followed for periods ranging the diagnosis was established by the demonstra- 
april, 1949 
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tion of bacteremia in two cases and by signifi- 
cant rise in antibody titer in the two others. 
The presence of the chronic infection was estab- 
lished by means of scrum agglutination tests 
and by a blood culture obtained in an outside 
laboratory ten days before the start of treatment. 


Table hi 

FEBRILE COURSE AFTER START OF AUREOMYCIN THERARV 
IN TYPHUS 


Patient 

Day- 

after 

Onset 

Treat- 

ment 

Begun 

Dosage Regimen 

Hours 

Febrile* 

after 

Therapy 

Duration 
of Treat- 
ment 

mg./ 

Kg./ 

day 

R. Gon 

4 

6 days 

53 

48 

W. Ro 

16 

6 “ 

57 

36 

P. De 

6 

6 “ 

89 

24 

F. Mo. (NYH) 

10 

7 “ 

90 

72 

L. Av 

8 

48 hours 

200 

24 

P. Os 

12 

48 “ 

200 

24 

R. Gom 

7 

36 “ 

175 

36 

G. He 

8 

36 “ 

200 

24 

E. Al 

6 

36 “ 

200 

48 

A. Nu 

6 

33 “ 

177 

48 

T. Go 

8 

24 “ 

200 

24 


*37.5°c. or greater. 


The results of the laboratory tests obtained in 
these patients are presented in Table iv. Ex- 
aminations of the blood and urine before and 
after therapy disclosed no evidences of toxicity 
or findings inconsistent with the diagnosis of 
brucellosis. 

All of the four patients with acute infections 
presented the characteristic clinical manifesta- 
tions of brucellosis. In addition, one patient 
(T. F.) had definite signs and symptoms of 


meningeal involvement. The four acutely ill 
patients had been febrile for nine, twenty-six, 
sixty and ninety-five days, respectively, before 
treatment. The patient with chronic infection 
had been ill for two years and exhibited symp- 
toms of malaise, general poor nutritional state, 


Table iv 

LABORATORY DIAGNOSIS OF BRUCELLOSIS 


Patient 

Serum 

Agglutination 

Blood Culture 

J.G. 

(range) 

1:80 to 1:640 

+1 

T. F.* 

1:640 to 1:640 

+ 

A. C.| 

1:80 to 1:320 

0 

C. M. 

1:180 

+ 

G. V. 

1:500 

+ 


* This strain reacted as B. melitensis in the dye 


differentiation and sulfide production tests. 

f Following first serum agglutination reported, this 
patient received brucella antigen as therapy, 
f During relapse. 

joint pains and occasional episodes of evening 
temperature elevation. 

Aureomycin was employed in a manner 
similar to that used in the treatment of murine 
typhus. In general, the regimen consisted of 
6 Gm. of drug the first day in divided doses and 
4 Gm. daily thereafter for an additional five 
days. One patient (C. M.) received 9.5 Gm. 
daily for seven days and the patient with 
meningeal involvement received treatment for 
only three and one-half days before leaving the 
hospital against advice. (Table v.) 

RESULTS 

The results following therapy in the 
febrile cases were striking. In each case 


Table v 

CLINICAL COURSE IN TREATED BRUCELLOSIS 


Patient 

Days 111 
i at Start of 
Treatment 

Tempera- 

ture* 

Immediate Clinical 
Result 

Days Febrile 
after Start 
of Treatment 

Follow-up 

J. G. 

9 

39.0 

Marked improvement 

3 

Relapse after 42 days 

T. F. 

26 

39.0 

Marked improvement 

4 

Asymptomatic- — 3 months 

A. C. 

95 

39.3 

Marked improvement 

4 

Asymptomatic — months 

C. M. 

60 

38.5 

Marked improvement 

4 

Relapse after 15 days 

G. V. 

2 years 

Normal 

No change 


No change 


1 Highest temperature on the day before therapy was started. 
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Fig. 1 . Maximal daily temperatures after aureomycin treatment in typhus fever, showing immediate and uniform 
return of the temperature to normal. 
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temperatures which had reached a daily 
high of 38.5°c. or more prior to treatment 
promptly fell and were within the normal 
range within four days. Improvement in 
the other clinical manifestations was also 
rapid, with loss of joint pains and malaise, 


were also present on the left. All sensory 
functions appeared to be normal. The 
spleen was not palable and the remainder 
of the examination, including fluoroscopy 
of the chest, revealed no significant abnor- 
mal findings. The presence of brucella 



Fic. 2. Chart of patient T. F., who had acute meningo-encephalitic brucellosis and who was treated 
with aureomycin, showing improvement after treatment with return of the temperature to normal. 


and return of appetite and general well 
being within a few days of the start of 
antimicrobial therapy. 

The most impressive evidence of anti- 
microbial effect observed was the course of 
the infection in the patient (T. F.) with 
acute meningo-encephalitis. (Fig. 2.) The 
patient was a woman of twenty-four years 
who had fever and joint pains for one month 
before normal termination of a pregnancy. 
Immediately after delivery her condition 
became worse, with high fever, severe 
frontal headache, vomiting, generalized 
aches and pains and stiffness of the neck. 
Physical examination seven days postpar- 
tum revealed moderately severe bilateral 
papilledema and nuchal rigidity. Hyper- 
reflexia was present and most marked on 
the left. Hoffman’s and Babinski’s signs 


bacteremia was repeatedly demonstrated. 
Examination of the cerebrospinal fluid 
revealed a total protein concentration of 
90 mg. per 100 cc. and 55 cells (all mono- 
nuclear) per cu. mm. Culture of the fluid 
in a liver infusion medium and in trypticasc 
soy broth revealed no growth. 

As may be seen in Figure 2, defervescence 
started soon after the first administration of 
aureomycin and by the end of a seventy-two 
hour period of therapy the patient was 
completely afebrile. Moreover, the disap- 
pearance of fever was accompanied by a 
marked diminution of the evidences of 
central nervous system involvement. The 
nuchal rigidity and the abnormal reflex 
responses disappeared promptly and the 
papilledema was greatly diminished when 
the patient left the hospital on the fourth 
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day of treatment. The intensity of the head- 
ache steadily decreased and this symptom 
disappeared entirely during the first week 
at home. The patient has remained com- 
pletely asymptomatic during the four months 
since the cessation of antimicrobial therapy. 
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preceding antimicrobial therapy and con- 
ceivably was related to it. With the disap- 
pearance of fever the patient improved 
rapidly although it was several weeks before 
she felt entirely well and asymptomatic. The 
remission of her disease has been maintained 



Fig. 3. Chart of patient A. C., who had acute brucellosis and who was treated with aureomycin, showing 
abrupt rise in temperature at the forty-eighth hour of treatment followed by complete clinical remission. 


It should be noted that despite the immedi- 
ate clinical improvement the bacteremia 
persisted for at least forty-eight hours after 
aureomycin therapy was started. 

A phenomenon of possible significance 
was noted during the early period of chemo- 
therapy of a twenty year old female (A. C.) 
who had been acutely ill with brucellosis 
for ninety-five days. When aureomycin was 
instituted, her principal symptoms con- 
sisted of weakness, weight loss, malaise, 
joint pains, night sweats, dizzy spells and 
tachycardia. Her temperature ranged daily 
from 38° to 40°c. throughout the pretreat- 
ment period except for a few three- to four- 
day afebrile intervals. 

As may be seen in Figure 3, approxi- 
mately thirty-six hours after the start of 
treatment the patient experienced an abrupt 
elevation of temperature to 40°c. accom- 
panied by a shaking chill. The temperature 
remained above 39.5°c. for a period of 
approximately twelve hours and then fell 
during the ensuing twenty-four hours to the 
normal range where it remained thereafter. 
This episode was in contrast to the course 
of her infection in the days immediately 
APRIL, 1949 


during a follow-up period of approximately 
five months. 

The third patient was a twenty-one year 
old male (J. G.) who was started on aureo- 
mycin therapy after only nine days of illness. 
Defervescence occurred during the first 
seventy-two hours of antimicrobial therapy 
and was accompanied by complete disap- 
pearance of all symptoms. After an afebrile 
period of forty-two days, however, fever 
and arthralgia recurred and was accom- 
panied by bacteremia due to brucella. The 
reinstitution of aureomycin was again 
followed by a remission of all signs of the 
infection and the patient has been entirely 
well during the subsequent two and one- 
half months. 

The fourth patient (C. M.) received a 
larger dose of drug than the first three cases. 
Her clinical response, however, closely 
resembled that of J. G. except that ninety- 
six hours were required for defervescence. 
Fifteen days following cessation of therapy 
a relapse occurred, with fever, bacteremia 
and a return of symptoms. Because the 
patient moved from the city, rctreatment 
was not possible. 
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The patient with chronic brucellosis was 
afebrile at the start of therapy and showed 
no alteration of symptoms attributable to 
therapy. Pain and stiffness in both knees 
persisted after treatment. A feeling of 
malaise with poor appetite was present 
during the follow-up interval of three weeks. 
As cultures were negative at the time treat- 
ment was begun, there was no satisfactory 
means for the evaluation of therapy. It is 
of interest, however, that the patient ex- 
perienced absolutely no symptomatic im- 
provement in contrast to the course of 
events after therapy in the patients with 
acute infections. 

COMMENT 

Typhus. In the eleven patients with 
typhus the uniformity with which all 
clinical manifestations of the infection 
rapidly disappeared after the start of 
aureomycin therapy affords evidence that 
the observed remissions were drug-induced. 
Recovery by “crisis” may occur in typhus 
fever but is unusual. 4 In contrast, in the 
aureomycin treated patients recovery by 
“crisis” occurred uniformly. The average 
duration of fever after the start of therapy 
was only 1.7 days, and this appeared not 
to vary greatly whether the treatment was 
started on the fourth, seventh, eighth, 
twelfth or sixteenth day of illness. Because 
of the variable time at which treatment was 
started no precise comparison can be made 
with the natural course of the untreated 
disease. 

In Guadalajara untreated typhus usually 
runs a febrile course for approximately two 
weeks 3 but fever may persist for twenty or 
more days. In 180 cases of murine typhus 
studied at Charity Hospital, New Orleans, 
by Stuart and Pullen’ the average febrile 
period was 15.6 days, while in Woodward’s 
careful study of the length of the febrile 
period in fourteen cases of murine typhus in 
North Africa 4 the average febrile period 
was twelve days. 

From the above data it appears that the 
administration of aureomycin exerted a 
prompt and impressive effect upon the 


course of infection in the eleven patients 
with typhus. It is also impressive that no 
relapses were observed despite the fact that 
in seven patients the total period of anti- 
microbial therapy was limited to only one 
or two days. Although these short periods 
of therapy were apparently effective, they 
do not necessarily represent the ideal dosage 
regimen. The latter can be determined only 
by the treatment of a much larger series 
of patients. 

Payne/’ Smadel, 7 - 9 Woodward 8 and their 
respective associates have demonstrated 
that Chloromycetin exerts a striking efiect 
upon the course of several varieties of 
typhus and spotted fever. Whether either 
Chloromycetin or aureomycin is materially 
superior to the other in terms of antiricketts- 
ial effectiveness must await the results of 
direct comparative studies. On the basis of 
the evidence available at present, however, 
it appears that both drugs are powerful 
antirickettsial agents which exert a con- 
siderably greater effect than para-amino- 
benzoic acid, the most satisfactory of the 
antirickettsial agents hitherto available. 9 

Brucellosis. Remissions of the acute mani- 
festations of brucellosis may occur with such 
abruptness and with sufficient frequency 
that it is difficult to evaluate antimicrobial 
agents in the treatment of this infection. 
Consequently the fact that the four patients 
in the present study all experienced a com- 
plete remission of their acute disease soon 
after the start of aureomycin therapy can 
be considered only as suggestive of a drug 
effect. The course of events in the patient 
with meningo-encephalitis and bacteremia, 
however, affords much more impressive 
evidence of drug effect. Meningo-encephali- 
tis occurs infrequently in brucellosis but rep- 
resents a serious complication. Of two cases 
reported by Huddleson 11 one died after a 
protracted illness and the other continued 
to present abnormal neurologic signs for 
more than six months before gradual im- 
provement was first observed. In contrast, 
in the aureomycin treated patient with 
meningo-encephalitis, defervescence and 
dramatic symptomatic improvement ap- 
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peared within forty-eight hours of the start 
of chemotherapy and complete recovery 
occurred during the subsequent week. It is 
believed that such a rapid recovery from 
acute meningo-encephalitis with bacteremia 
would have been most unlikely in the 
natural course of the infection and pre- 
sumably represents an effect attributable 
to the aureomycin. 

As noted above, in one patient (A. C., 
Fig. 3) the onset of defervescence was im- 
mediately preceded by an intensification of 
the evidences of infection manifested by a 
chill, a sudden elevation in temperature and 
tachycardia with bothersome cardiac palpi- 
tation. These symptoms appeared approxi- 
mately forty-eight hours after the start of 
aureomycin therapy, were of only moderate 
severity and may well have merely repre- 
sented daily variations in the intensity of 
the infection. The incident is worthy of 
mention, however, because of the observa- 
tion of Spink and Castaneda and their 
associates 12 that certain of their patients 
with acute brucellosis experienced rather 
alarming intensification of the infection 
during the first day of aureomycin therapy. 
In the other three patients with acute 
brucellosis in the present series (two of 
whom were bacteremic) the onset of 
defervescence was not preceded by intensi- 
fication of the illness. 

As with the typhus patients, considerably 
more experience with the aureomycin 
treatment of brucellosis must be acquired 
before the most satisfactory dosage regimens 
arc defined. The patient with meningo- 
encephalitis experienced a remission which 
has been sustained for four months after 
only three and one-half days of antimicro- 
bial therapy. Nevertheless, the appearance 
of a febrile relapse in two patients fifteen and 
forty-two days after a one-week period of 
aureomycin therapy indicates that a longer 
total period of therapy will probably prove 
to be advisable. 

SUMMARY 

The administration of aureomycin* to 
eleven patients with typhus (presumably 

’ The aureomycin used in this investigation was sup- 
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murine) was followed in every instance by 
prompt defervescence and complete re- 
covery. No instances of relapse were ob- 
served despite the fact that in seven cases 
the total period of antimicrobial therapy 
was limited to forty-eight hours or less. 

In four patients with acute brucellosis, 
one of whom had meningo-encephalitis, a 
similar prompt disappearance of the mani- 
festations of the infection occurred soon 
after the start of aureomycin therapy. 

ADDENDUM 

Since this material was submitted for 
publication, an additional eight patients 
with typhus fever have been successfully 
treated with aureomycin. Seven of these 
patients were treated with oral dosages 
ranging from 100 to 160 mg. per Kg. per 
day, for intervals of thirty-six to forty-eight 
hours. These patients all showed rapid 
improvement after therapy in every way as 
satisfactory as that described for the previous 
patients. Five of these patients had con- 
tinuously normal temperatures within thirty 
hours after starting therapy while the two 
remaining individuals, although greatly 
improved, showed slight elevations of tem- 
perature on the third day after starting 
treatment. In one of these cases this slight 
rise in temperature was associated with 
profuse epistaxis which responded to local 
treatment. Convalescence was otherwise 
uneventful. 

One patient in the eighth day of her ill- 
ness received aureomycin intravenously. 
She was given doses of 200 mg. at approxi- 
mate eight-hour intervals during the first 
day and at twelve-hour intervals during the 
second day. Improvement was rapid so 
that by the time the last dose was ad- 
ministered she was essentially asymptomatic 
and permanently afebrile. Convalescence 
was entirely uneventful and there was no 
local or systemic evidence of reaction to 
therapy. 

Other patients were treated with lower 
oral dosages in an attempt to discover a 

plied through the courtesy of Doctor Benjamin Carey. 
Director, Ledcrlc Laboratories Division, American 
Cyanamid Company, Pearl River, New York. 
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subeffective dose. One such patient, treated 
with 25 mg. per Kg. per day for thirty-six 
hours, showed appreciably less benefit from 
therapy than those receiving larger doses. 
From these observations it appears that the 
lowest fully effective dose may lie some- 
where between 50 and 100 mg. per Kg. per 
day for a short interval of therapy. 
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Effect of Streptomycin Therapy on the 
Bacterial Flora of the Throat* 

C. Phillip Miller, m.d. and Marjorie Bohnhoff, s.b. 

Chicago , Illinois 


S everal investigators have reported 
that bacteria can develop resistance 
to streptomycin rapidly and to a 
high degree either in artificial culture media 
or during streptomycin treatment of an 
infectious process in man. This siidden 
development of resistance is presumed to 
result from the appearance of streptomycin- 
resistant variants which arise by mutation 
in the bacterial population. 

With one exception, 1 the clinical reports 
seem to indicate that the streptomycin- 
resistant strains thus far recovered are 
analogous to the type A variant described 
by the authors and so designated to distin- 
guish them from a second variant designated 
type B. 2 Both types have in common the 
ability to grow in high concentrations of 
streptomycin but are distinguished by the 
fact that the type A variant can multiply 
in the absence of streptomycin whereas 
type B requires streptomycin for its growth 
in vitro and in vivo. 

Variants of both types have been found 
to arise in cultures of sensitive bacteria 
during their initial exposure to streptomy- 
cin when heavy seedings are spread on agar 
plates containing appropriate concentra- 
tions of the drug. They have been isolated 
from all of eighteen strains of meningococ- 
cus and also from a number of other 
bacterial species including Aerobacter aero- 
genes, Escherichia coli, Proteus vulgaris, 
Pseudomonas pyocyanea, Salmonella and 
Staphylococci. 3 These findings have been 
confirmed by Kushnick, Randles, Gray 
and Birkeland, 4 by Paine and Finland, 5 by 
^cgian and Budd c and by Rake. 7 

The question naturally arises whether the 


streptomycin-dependent variants occur in 
nature or only under the artificial condi- 
tions of laboratory experimentation. A 
search for type B variants was therefore 
made in animals and in patients under- 
going treatment with streptomycin. 

animal experiments 

Streptomycin* in large doses was ad- 
ministered to normal mice and rabbits for 
periods up to three weeks. The mice re- 
ceived 2,000 micrograms twice a day 
subcutaneously or orally and the rabbits 
50,000 micrograms once a day intraven- 
ously. All the animals remained healthy. 
From time to time an animal was sacrificed 
and cultures were made of the heart’s blood, 
pharynx, large bowel and spleen onto 
media containing 400 micrograms of strepto- 
mycin per cc. 

results 

Streptomycin-resistant organisms were 
plentiful in the large bowel of both normal 
and treated mice and rabbits. During the 
second week of treatment streptomycin- 
dependent organisms began to appear. 
Their maximal incidence was estimated to 
be about 10 per cent of the micro-organisms 
which grew on streptomycin-containing 
media. At the beginning of the experiment 
pharyngeal cultures of the mice were nega- 
tive on streptomycin media but became 

* Preparations of streptomycin were supplied by the 
Antibiotics Study Section of the National Institute of 
Health, U. S. Public Health Service; the Division of 
Penicillin Control and Immunology, Food and Drug 
Administration; Abbott Laboratories; Commercial 
Solvents Corporation; Eli Lilly & Company; Merck & 
Company; Chas. Pfizer & Company; E. R. Squibb & 
Son and Upjohn Company. 


' From the Department of Medicine, University of Chicago, Chicago, 111. This investigation was undertaken and 
supported jointly by the U. S. Navy, Office of Naval Research, and the University of Chicago. 
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positive on the eleventh day and continued 
so until the end of the experiment. The 
cultures always contained some strepto- 
mycin-dependent micro-organisms al- 
though ordinary streptomycin-resistant or- 
ganisms predominated. 

Hearts’ blood and spleen cultures re- 
mained negative throughout the experi- 
ment. The varieties of micro-organisms 
encountered in the pharynx and bowel 
differed in only one respect from those 
which make up the normal flora of these 
sites. There was an unusually high incidence 
of yeasts which constituted a large propor- 
tion of the streptomycin-dependent variants. 

CULTURES ON PATIENTS 

Cultures on streptomycin-containing media 8 
were made of the throats of patients undergoing 
treatment with streptomycin. The posterior 
pharyngeal wall was swabbed with two ap- 
plicators. One swab was used to inoculate a 
blood (5 per cent defibrinated sheep’s blood) 
agar plate containing 200 micrograms of strepto- 
mycin per cc. and the other a plate containing 
400 micrograms of streptomycin per cc. The 
plates were incubated and examined at the 
end of twenty-four, forty-eight and seventy-two 
hours at which times the numbers of colonies 
were recorded. A culture was considered posi- 
tive when five or more colonies were visible at 
forty-eight hours. The amount of growth ap- 
pearing on the two plates containing 200 and 
400 micrograms per cc. was approximately the 
same. 

Representative cultures were studied in 
detail in order to determine whether the colonies 
were type A or type B variants. Single colonies 
were picked and subcultured onto both ordinary' 
blood agar and onto media containing 100 
micrograms of streptomycin per cc. Smears 
were stained by Gram’s method and examined 
microscopically. 

Additional cultures were taken from a number 
of throats which had been found to yield heavy 
growth in order to estimate what proportion of 
the total bacterial population was streptomycin- 
resistant or dependent. The throat was swabbed 
in the usual way and the swab rinsed in 2 cc. of 
broth from which a scries of two-fold dilutions 
was made. Equivalent inocula were cultured in 
duplicate onto ordinary blood agar and blood 
atjar containing 200 micrograms of streptomycin 


per cc. and spread by means of glass beads as 
described in an earlier publication. 2 

The first series of cultures was made on 
patients in the Albert -Merritt Billings Hospital 
of the University of Chicago. They included 
patients receiving streptomycin for the treatment 
of tuberculosis, ulcerative colitis, brucellosis or 
urinary tract infections and surgical patients 
being treated with streptomycin as a prophylac- 
tic measure. Those with pulmonary tuberculosis 
had been treated with streptomycin for a num- 
ber of weeks before the first cultures were made. 
Many of the others, however, were followed 
from the time streptomycin therapy was begun 
and cultures were made daily until they became 
strongly positive. 

The patients were given streptomycin intra- 
muscularly in doses of 1.0 to 3.0 Gm. per day 
except those with colitis who took 4 Gm. per 
day by mouth. Some of the patients received 
penicillin and/or one of the sulfonamide drugs 
as well as streptomycin. 

Control cultures were made on 1 57 members 
of the staff, students, laboratory and clerical 
personnel; on ninety-nine nurses and ward 
attendants and on seventy patients who were 
not receiving streptomycin. 

In order to supplement our series of cultures 
on streptomycin-treated patients a survey was 
made of 114 patients undergoing streptomycin 
therapy in the Chicago Municipal Tuberculosis 
Sanitarium.* With eight exceptions all of the 
patients were receiving only 0.5 Gm. a day oi 
0.75 Gm. a day if their weight exceeded 70 Kg- 
The eight exceptions were patients treated with 
1.0, 1.5 or 2.0 Gm. per day, and in the final 
tabulation they are included in the Billings 
series of patients. The patients in the M.T.S. 
series had been treated with streptomycin from 
three days to forty-five weeks. The cultures 
were taken as just described except that a single 
swab was used to inoculate a single plate con- 
taining 200 micrograms of streptomycin per cc. 


RESULTS 

Billings Series. The throat cultures of all 
but one of sixty-one patients in this series 
became positive. Cultures of fifty-five o 
them showed very heavy growth on strepto- 
mycin-containing media, indicating tfi c 
presence of large numbers of streptomycin* 

* The authors arc indebted to Dr. George C. Turner, 
Superintendent of The Chicago Municipal Tubercu ovs 
Sanitarium, for the opportunity to make these cultures. 
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resistant micro-organisms in the pharynx. taken from the third to the eighth day of 

Figure 1 presents the results of individual streptomycin therapy. The bacteria ' on 

cultures on twenty-four patients who were these plates included a Staphylococcus 

followed from the beginning of streptomycin albus and a hemolytic Staphylococcus 

therapy or shortly thereafter. It will be seen aureus. 

that all of these cultures became positive We do not know when resistant bacteria 
by the thirteenth day. appeared in the throats of the other thirty- 



2 4 6 8 10 12 14 16 18 

DAYS OF STREPTOMYCIN THERAPY 


Fig. 1, Results of serial throat cultures in twenty-four patients 
receiving streptomycin. 

Figure 2 illustrates the rate at which seven patients in the Billings series because 

streptomycin-resistant bacteria appear in they had been receiving streptomycin for 

the throats of such patients by showing a some time before the cultures were taken, 

series of daily cultures taken on two typical It should be noted that all of the patients 

patients. Patient PG was a seventeen-year in this series received 1 Gm. or more of 

old boy weighing 30 Kg. who received streptomycin per day. The results of cultures 

1 Gm. of streptomycin per day for the on these sixty-one patients can be seen in 

treatment of tuberculosis of the lungs and Figure 3. 

lumbar spine. The throat cultures shown The bacteria recovered from cultures on 
in the photographs were made daily on streptomycin media were for the most part 

streptomycin agar from the beginning of representative of the ordinary flora of the 

therapy. The micro-organisms isolated from normal human throat, i.e., staphylococci, 

his cultures on streptomycin blood agar green-forming streptococci, pneumococci, 

plates were Micrococcus tetragenus and a Micrococcus tetragenus, Neisscriae and 

few yeasts. Patient BK was a twenty year some of the coliform group. The only 

old woman who was admitted for excision unusual finding was a much higher inci- 

of a pilonidal cyst. She was given 2 Gm. of dence of yeasts or yeast-like fungi than is 

streptomycin per day and 300,000 units of ordinarily encountered. These were not 

penicillin procaine and 5 or 6 Gm. of identified taxonomically. Colonies on blood 

sulfadiazine per day. agar and Sabouraud’s medium resembled 

Figure 2 shows the results of cultures ordinary Staphylococcus albus. Most of 
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them produced no hyphae. Microscopically, 
the cells had the typical appearance of 
yeasts, large budding forms. 

From the broth dilution cultures made 
to determine what proportion of the total 
bacterial population was streptomytin-re- 


seven cultures containing some colonies of 
streptomycin-resistant organisms. (Fig. 3.) 
Three of these positive cultures consisted 
entirely of yeasts. Of the 1 57 members of the 
staff, student body, laboratory and clerical 
personnel, many of whom were cultured 


STAFF WARD PATIENTS PATIENTS 

STUDENTS PERS. UNTREATED !$< STREPTOMYCIN 

LAB PERS. > 1.0 GRAMS PER DAY 



Q NEGATIVE 
19 POSITIVE 


PATIENTS RECEIVING SMALL DOSES OF STREPTOMYCIN 
11/2 TO 3/4 GRAMS A DAY ) FOR: 

<2WKS 2-6WKS 6-16WKS. >16WKS 



Fig. 3 Fig 4. 

Figs. 3 and 4. Results of throat cultures on streptomycin media (200 /jgm. per ml.). 


sistant or dependent it was found that ten 
to twenty times as many micro-organisms 
grew on the control media as on media 
containing 200 micrograms of streptomycin 
per cc.; in other words, 10 to 20 per cent 
of the micro-organisms swabbed from the 
throat were streptomycin-resistant or de- 
pendent. The concomitant administration 
of penicillin and /or a sulfonamide did not 
seem to retard the appearance of strepto- 
mycin-resistant or streptomycin-dependent 
organisms in the throat although it did 
reduce the variety of bacteria by eliminat- 
ing most of the penicillin-sensitive and/or 
sulfonamide-sensitive organisms. 

M.T.S. Series. A single culture was 
made on each of the patients in the second 
series who were receiving only 0.5 to 0.75 
micrograms of streptomycin per day. The 
results of these cultures can be seen in 
Figure 4. It will be seen that a much 
smaller proportion of the cultures were 
positive during the first two weeks of 
therapy but that this proportion increased 
as treatment continued. 

Among the seventy patients who were 
°ot receiving streptomycin there were 
APRIL, 1949 


repeatedly, only six individuals had positive 
cultures, an incidence of 4 per cent. (Fig. 3.) 
Only one of these six patients had more 
than a few colonies per plate. 

Among the ninety-nine members of the 
ward personnel, i.e., nurses and attendants, 
there were twenty-one positive cultures, 
an incidence of 21 per cent. (Fig. 3.) Four 
of these cultures showed heavy growth of 
streptomycin-resistant bacteria. It is inter- 
esting to note that these four cultures were 
from nurses who were at the time caring 
for patients receiving streptomycin. 

Incidence of Streptomycin-dependent Bacteria. 
At least one culture on each of the patients 
in the Billings series was examined for 
streptomycin-dependent (type B) bacteria 
by picking eight or more colonies and sub- 
culturing onto streptomycin media (100 
micrograms per cc.) and onto streptomycin- 
free media. Streptomycin-dependent bac- 
teria were recovered in two-fifths of these 
patients as early as two days after treatment 
was started. The species encountered were 
green-forming streptococci, staphylococci, 
diphtheroids, gram-negative rods, Neisseria 
catarrhalis and N. fiava. The twenty-one 
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positive cultures from nurses and ward 
attendants were similarly examined and 
streptomycin-dependent staphylococci were 
recovered from three, all of which were 
from nurses caring for patients receiving 
streptomycin. 

COMMENT 

It is evident from these data that strepto- 
mycin-resistant bacteria appeared among 
the normal flora in the throats of patients 
during the first week or two of streptomycin 
therapy if the dose was 1 Gm. or more per 
day. The time of their appearance seemed 
to be delayed in those patients who were 
receiving smaller doses (0.5 to 0.75 Gm. 
per day). Fig. 4. 

Most of the resistant micro-organisms 
belonged to type A, but type B (strepto- 
mycin-dependent) bacteria were isolated 
from two-fifths of the patients in the 
Billings series. There is no reason to doubt 
that a more exhaustive study would have 
revealed the presence of greater numbers of 
dependent bacteria. 

The micro-organisms recovered were all 
members of the species usually found in the 
normal human throat except that a greater 
number of yeasts was cultured than is 
ordinarily the case. In fact, a large propor- 
tion of the positive cultures in -the control 
groups consisted only of yeasts or yeast-like 
fungi. These yeast-like micro-organisms 
were not identified. Most of them were 
presumed to be Monilia (Candida accord- 
ing to the newer terminology) because this 
is the yeast most commonly found in the 
human mouth. 9,10 The high incidence in 
throat cultures on streptomycin media is a 
subject for further investigation. 

It is of interest that penicillin and /or one 
of the sulfonamide drugs failed to prevent 
or even to delay the appearance of strepto- 
mycin-resistant organisms in the throat. 
Their administration did, however, elimi- 
nate the species most sensitive to those 
drugs. The change in flora was not as great 
as that described by Lipman, Coss and 
Boots 11 whose patients received much larger 
doses of penicillin for longer periods of time. 


The highest incidence of streptomycin- 
resistant bacteria in untreated individuals 
occurred among nurses who were caring 
lor patients undergoing treatment with 
streptomycin. This finding suggests that 
contact with these patients may have been 
responsible for the presence of streptomycin- 
resistant bacteria in their throats. 

The unexpected finding of streptomycin- 
dependent bacteria in the throats of three 
nurses is as yet unexplained. The possibility 
has been considered that some substance 
present in the pharyngeal secretion of 
saliva of these individuals or a metabolic 
product of some microbial inhabitant may 
provide the necessary growth factor for 
streptomycin-dependent bacteria. We have 
thus far been unable to find any substance 
related to streptomycin or its derivatives 
which would replace streptomycin in the 
cultivation of the dependent bacteria in 
vitro. 

SUMMARY 

Specimens from the throats of patients 
receiving streptomycin were cultured onto 
streptomycin media in order to detect the 
presence of streptomycin-resistant and strep- 
tomycin-dependent bacteria. Streptomycin- 
resistant bacteria in large numbers were 
cultured from the throats of 98.4 per cent 
of sixty-one patients who were receiving 1 
to 4 Gm. of streptomycin per day. They 
began to appear during the first thirteen 
days of treatment in the twenty-four patients 
who were followed from the beginning of 
streptomycin therapy. 

Results of a single survey of another series 
of patients receiving small doses of strepto- 
mycin (0.5 to 0.75 Gm. per day) suggested 
that resistant flora appeared more slowly. 
These streptomycin-resistant bacteria a 
belonged to species normally' inhabiting 
the human throat. Yeast-likc forms (Moni- 
lia) were found in unusually high incidence. 
Streptomycin-dependent bacteria were 
found in two-fifths of the patients receiving 
large doses of streptomy'cin, i.e., 1 Gm. or 
more per day. 

Streptomycin-resistant bacteria in sma 
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numbers were recovered from only 4 per 
cent of 157 members of the hospital staff, 
student body and clerical personnel and 
from 10 per cent of untreated patients. The 
highest incidence of positive cultures in the 
control series, 21 per cent, occurred in the 
nursing and ward personnel. Strongly 
positive cultures were found in four nurses 
who were caring for patients receiving- 
streptomycin. 

Streptomycin-dependent micro-organ- 
isms were recovered from the pharynx and 
large bowel of mice and rabbits after one 
week of treatment with large doses of 
streptomycin. 
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Immunization of Human Beings with Group A 

Hemolytic Streptococci* 

Lowell A. Rantz, m.d., Elizabeth Randall, m.a. and Helen H. Rantz 

San Francisco , California 

r~T\ 'She prevention of hemolytic strep to- Gabritschewsky, who recognized the strep- 

coccal respiratory disease is among tococcal causation of scarlet fever two dec- 
the most pressing problems con- ades before other investigators, prepared a 
fronting the student of infectious disease. vaccine from streptococci isolated from 
Much disability results from acute suppura- human beings suffering from this disease, 

tive illnesses caused by these organisms and This material was administered by him 

the non-suppurative complications that so and other European workers to thousands 

frequently follow. 1,2 Ordinary public health of children in clinical experiments and ap- 

methods have failed to control the spread pears to have been efficacious in reducing 

of respiratory infection. The recent develop- the frequency of occurrence of scarlet fever 

ment of technics for the sterilization of air in the immunized groups. 7 The method of 

and the control of extrahuman reservoirs preparation of the material, reactions which 

of infection 3 have been of interest but have followed its use and results of serial Dick 

not been proved to be of value in the sup- testing indicate that the vaccine contained 

pression of streptococcal disease and are not not only streptococci but also large amounts 
yet applicable to the population at large. of the erythrogenic substance of Dick. It is 
Sulfonamide chemoprophylaxis of hemo- almost certain that the administration of 

lytic streptococcal infection was tested ex- this material reduced the incidence of 

tensively in groups of rheumatic children scarlet fever by inducing the formation 

and in the armed forces, 4,5 and was success- of antierythrogenic antibody similar to that 

ful until epidemics were established in which produced by the injection of Dick toxin, 

the causative agents were sulfonamide re- Antibacterial immunity capable of reduc- 

sistant strains of streptococci . 6 Under no ing the frequency of hemolytic streptococcus 

circumstances could this form of prophy- respiratory disease without rash was proba- 

laxis have been widely applied in popula- bly not established. 

tion groups not under the immediate Since 1924 s nearly all investigations of 
supervision of physicians because of the the problem of immunization in strepto- 
hazard of serious toxicity. coccal disease have been directed toward 

Because none of these measures directed the production of resistance to Dick toxin 

toward the prevention of infection of human although it is now well known that these 

beings by hemolytic streptococci has been technics do not reduce the total incidence 

successful, it becomes essential that the of streptococcal infection. 9 

usefulness of other measures be explored. Bloomfield and Felty 10 used a polyvalent 
The production of active antibacterial im- hemolytic streptococcus vaccine for the im- 
munity by the parenteral administration munization of a group of nurses and ob- 

of a streptococcal vaccine is one of these. tained results suggesting that resistance to 

* From the Department of Medicine, Stanford University School of Medicine, San Francisco, California. This 
study was conducted under the auspices of the Commission on Hemolytic Streptococcal Infections, Board for the 
Investigation and Control of Influenza and Other Epidemic Diseases in the Army, Office of the Surgeon General, 
L’. S. Army. 
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infection by these organisms had been 
increased. Reactions to the injections were 
mild. 

The intravenous injection of hemolytic 
streptococci was undertaken some years 
later by other investigators for the purpose 
of decreasing the supposed hypersensitivity 
of rheumatic subjects to the organism, thus 
alleviating the acute illness and preventing 
recrudescence. 11,12 ’ 13 In one study the re- 
sults suggest that recurrences were less 
frequent and severe in the immunized 
subjects. 11 Whether this was the result of 
diminished sensitivity or increased resist- 
ance to infection of the respiratory passages 
by hemolytic streptococci cannot be ascer- 
tained. The report states that the frequency 
of respiratory disease in the treated and 
control groups was similar but the nature 
of the infectious processes which occurred 
has not been described. Reactions to ad- 
ministration of the vaccine intravenously 
were severe in the presence of active 
rheumatic fever and mild or absent in 
inactive cases. 

Investigation of the structure of the • 
hemolytic streptococci 14 has demonstrated 
that the organisms pathogenic for man are 
members of a single serologic group (a) and 
that the members of this group may be 
further subdivided into types on the basis 
of two protein constituents of the bacterial 
cell, the “T” and “M” substances. Evidence 
has accumulated, obtained by protection 
tests in rodents, which indicates that re- 
sistance to infection by these streptococci 
is type specific and closely related to the 
M-anti-M antibody system. 15,16 Confirma- 
tion of this point of view has been obtained 
by study of human disease and experimental 
streptococcal infection in monkeys. 17 

Evans in a series of papers 18,19,20 has 
objected to the concept of type specific 
immunity and has presented experimental 
evidence which suggests strongly that cer- 
tain strains of group a streptococci have a 
broad immunologic base and are able to 
stimulate antibodies capable of conferring 
protection in mice against streptococci of 
certain other types. Dubos 21 has also pointed 
a i' R i l , 19 4 9 
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out the paucity of information which is 
available in regard to group rather than 
type specific resistance to infection by 
streptococci and pneumococci. 

This information indicates the importance 
of further investigation into the protective 
value of group specific immunity in strepto- 
coccal disease. Type specific resistance to 
infection is more potent and more easily 
evaluated epidemiologically and in the 
laboratory. It is, therefore, appropriate to 
begin an exploration of the usefulness of 
antistreptococcal immunization in human 
beings by studying in man the production 
of type specific antibodies and resistance 
to infection. 

Two naval epidemiologic units have 
recently reported experiences in the use of 
group a hemolytic streptococcus vaccines 
for the control of respiratory disease in 
training stations in which epidemics caused 
by sulfonamide resistant streptococci of a 
very few types were in progress. 22 Heat and 
ultraviolet-killed organisms were injected 
three times within a week. Reactions were 
mild with type 19 vaccine but severe and 
common when type 17 cells were added. 
No protection against natural infection by 
streptococci of the homologous types as the 
result of immunization was demonstrated 
in several experiments. 

Another approach was adopted in this 
clinic since it seemed desirable to measure 
the production of type and group specific 
antibodies and to study the nature and 
severity of reactions that would be associ- 
ated with the immunization of human 
beings with group a hemolytic streptococci 
before beginning work in the field. 

MATERIALS AND METHODS 

Preparation of Vaccine. The organisms used 
were group A hemolytic streptococci of types 3 
and 17 isolated from the throats of infected 
human beings. They were in the matt phase 
when used and formed large amounts of acid 
soluble type specific material. 1 '' Four liters of a 
broth culture of each, incubated for eighteen 
hours, were centrifuged and the sedimentary 
cells washed once with a large volume of sterile 
normal salt solution. The cells were again re- 
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covered by centrifugation, resuspended in 50 
ml. of normal salt solution, killed by heat at 60 
to 65°c. for sixty minutes in a water bath and 
preserved with .01 per cent formalin. The ma- 
terial was shaken for three hours in a Kahn 
shaker to reduce the granularity. 

The suspension of type 3 contained 2.2 mg. 
of bacterial N per ml., that of type 17 contained 
4.4 mg. per ml. Bacterial counts were not made 
of either preparation. Other experience indicates 
that 1 mg. of streptococcal N is equivalent to 
approximately 1 billion chains as determined by 
plate count. 

Appropriate serial dilutions were made in 
sterile normal saline in such a way that the 
amount of vaccine to be administered was con- 
tained in from .1 to .5 ml. All injections were 
given subcutaneously in the deltoid region. 

Antibody Determinations. Anti-M antibody: The 
technic of Rothbard 23 for the detection of anti-M 
type specific antibody was followed exactly. 
The single modification was the use throughout 
of the blood of one adult which permitted excel- 
lent growth of the test strains. 

Anti-X antibody: An investigation has been 
conducted and reported in detail elsewhere 24 
of a non-type specific, precipitating antigen 
which is present in acid extracts of matt group a 
streptococcal cells. It is not the “C” carbo- 
hydrate. Full details of the method of its 
preparation, the microprecipitin technic used 
for detection of its antibody, the antibody re- 
sponse which occurred following hemolytic 
streptococcal infection and the relationship of 
this antigen-antibody system to the clinical 
manifestations of hemolytic streptococcal dis- 
ease have been presented. 

An/i-C antibody: Purified group carbohydrate 
“C” was used as an antigen for the detection of 
anti-C precipitating antibody by means of a 
microtechnic described elsewhere. 24 

Antistreptolysin: Antistreptolysin titers of the 
collected sera were measured by a method 
previously described. 25 

Study Groups. Group 1: Group 1 was com- 
posed of ten males and one female, all of whom 
suffered from serious, disabling disease of the 
joints or nervous system. All but two were bed- 
or chair-fast. 

Group 2: Group 2 was composed of thirty-two 
healthy male convicts whose mean age was 
30.5 years with a range from eighteen to fifty-six 
years. 

Antibody Response. Group 7: Six members of 


Group 1 received type 3 and five received type 
1 7 vaccine. An initial test dose of approximately 
3 micrograms of N * was administered followed 
by eight subsequent injections at weekly inter- 
vals. Each case was titrated individually, the 
amount of vaccine being increased irregularly 


Table i 

TYPE SPECIFIC ANTIBODY RESPONSE IN GROUP 1 


Total Vaccine 
Micrograms 
of N 

Type 3 

Typ 

e 17 

Total Cases 

No. of 1 
Sub- | 
jects 

No. 
with 
Anti- 
body ! 
Re- i 
sponse 

No. of | 
Sub- 
jects 

No. | 
with ! 
Anti- 1 
body 1 
Re- 
sponse 

No. of ' 
Sub- | 
jeets 

No. 

with 

Anti- 

body 

Re- 

sponse 

80 to 90 

3 

1 

1 

0 

4 

1 

160 to 190 

1 1 

0 

2 

0 

3 1 

0 

370 to 520 

1 | 

1 1 

1 

1 

j? 1 


2,600 to 3,700 

1 | 

1 1 

1 

\ 

1 

2 1 



Table ii 

X ANTIBODY RESPONSE IN GROUP 1 


J 

Total Vaccine 
Micrograms 
of N | 

Type 3 

Type 17 

Total Cases 

No. of 
Sub- 
jects i 

No. 
with 
Anti- 
body 
Re- | 
sponse | 

No. of 
Sub- 
jects 

No. 
with 
Anti- 
bodv 
Re- 
sponse : 

No. of 
Sub- 
jects 

No. 

with 

Anti- 

body 

Re- 

sponse 

80 to 90 

1 

0 

0 

0 

i 

0 

160 to 190 

1 

0 

1 

0 



370 to 520 

1 

1 

1 

1 

2 


2.600 to 3,700 

1 

1 

1 

1 




Antibody present in 4 initially. 

each week on the basis of the severity of reaction 
to the previous dose. Sera were collected 
aseptically from each subject before the im- 
munizations were begun and again ten weeks 
later or one week after the last injection o 
vaccine. 

Seven subjects accepted less than 190 micro- 
grams of N and type specific antibody dcvelopc 
in only one. It was possible to administer from 
370 to 3,700 micrograms of N to four subjects, 
in all of whom a type specific antibody response 
occurred. (Table i.) 

Anti-X antibody developed during immuniza- 
tion in four of the seven subjects in whom it was 
not present in the initial serum. All of the re- 
sponses were observed in persons who had re- 
ceived more than 370 micrograms of N. (Table 
ii.) Anti-C antibodies failed to appear as the 

* Here and subsequently this indicates that vaccine 
equivalent to this amount of N was injected. 
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result of immunization and no significant altera- 
tion of the antistreptolysin titer occurred. 

Vaccine of both types 3 and 17 was equally 
capable of stimulating the production of these 
two antibodies and the quantitative relation- 
ships with each were similar. 


Table iii 

DOSAGE SCHEDULE IN GROUP 2 


No. of Injections 
of Vaccine at Inter- 
vals of 7 Days * 

Total Dose of Vac- 
cine in Micrograms 
of N 

Number of 
Subjects 

3 

6 to 16 

11 

3 

88 to 124 

5 

4 

8 to 16 

3 

4 

92 to 164 

3 

5 

12 to 20 

6 

5 

144 to 204 

4 


* Test and subsequent larger dose forty-eight hours 
later considered as single injection. 


Group 2: All of the members of Group 2 
received a test dose of 4 micrograms of N. 
Another injection of 40 micrograms of N was 
given forty-eight hours later to those who had 
not reacted strongly to the initial dose. Subse- 
quent injections of vaccine were at seven-day 
intervals. The amount administered and the 
duration of the immunization were dictated by 
the severity of reactions. The number of men 
who received various courses and quantities of 
vaccine are summarized in Table iii. Sera were 
collected before the immunization was begun 
and 8 weeks later. Neither a type specific, anti-X 
nor anti-C antibody response occurred nor did 
the antistreptolysin titer vary significantly in 
any subject. 

Toxic Reaction to Immunization. Group 1: It 
quickly became apparent during the early 
phase of the immunization of Group 1 that 
there were very great individual differences in 
the tolerance of human beings for subcutane- 
ously injected killed streptococci. These persons 
were so situated that they could not be kept 
under close observation and the degree of 
severity of reaction was necessarily determined 
by questions asked at the time of the subsequent 
'njection. The data obtained are, therefore, not 
precise, but it is notable that by the fifth week 
Uv ° individuals were comfortably receiving 
doses of 400 micrograms of N, whereas four 
"'ere accepting only 8 micrograms of N or less. 
The same situation prevailed at the end of the 
april, 1949 
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immunization period except that the differences 
were greater. Two subjects then reacted strongly 
to the injection of more than 6 micrograms of N 
and two received 600 to 800 micrograms of N 
without difficulty. 

The toxic phenomena were of three sorts: 
(1) systemic reactions with chills, malaise and 
aching; (2) swelling and soreness of the injected 
arm and (3) nodule formation. The latter com- 
plication was of interest. Certain subjects de- 
veloped firm nodules at the site of injection that 
persisted for several weeks. They were tender 
initially but later became painless. Liquefaction 
of the nodule occurred on two occasions in one 
individual. The aspirated material from each 
was sterile. There was no difference in severity 
of reactions caused by vaccine prepared from 
the two types of streptococci. 

Further description of the reactions to im- 
munization in Group 1 is not feasible because 
clinical observations were inadequate. 

Group 2: The subjects in Group 2 received an 
initial test dose of type 17 vaccine equivalent to 
4 micrograms of N. Local reactions, charac- 
terized by erythema, soreness of the arm and 
occasionally persistent nodule formation in vary- 
ing combinations occurred in twenty and were 
graded as severe in six. One of the latter suf- 
fered a generalized systemic disturbance as well. 
Twelve subjects who accepted the test dose with- 
out reaction received a ten-fold increment of 
vaccine (40 micrograms of N) two days after the 
first injection. Reactions to this amount were 
minimal or absent in all. 

The quantity of vaccine administered each 
following week was based on the reaction to the 
test and subsequent injections of the material. 
None of the six subjects in whom severe reac- 
tions occurred initially was able to tolerate more 
than 2 micrograms of N, and one was ill and 
required rest in bed after an injection of only 1 
microgram of N. Twelve of the fourteen subjects 
who suffered only a moderate initial reaction 
were able to accept 2 to 4 micrograms of vaccine 
as N throughout the planned course. Increasing 
sensitivity appeared in two. Five of the twelve 
subjects who did not react to the administration 
of 40 micrograms of N were able to continue at 
this level for four to five weeks. The remaining 
seven developed increased sensitivity to the 
injection of streptococci. 

The development of accentuated reactivity 
in certain subjects to quantities of vaccine previ- 
ously accepted without difficulty was notable. 
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The details of this phenomenon as observed in local and general systemic reaction in one and a 

nine persons are presented diagrammatically in mild local disturbance in the other. On the 

Figure 1. following week the dose of vaccine was halved 

The administration of 4 micrograms of N to but moderately severe local and generalized 
subjects 4 and 18 was not associated initially reaction occurred in Subject 4 and similar but 
with marked toxicity. One week later a similar much more violent response in Subject 18. 

quantity of vaccine invoked a moderately severe A more dramatic sequence of events occurred 



Fig. 1 . Increasing reactivity to injection of group a hemolytic strepto- 
cocci in nine subjects. The dose of injected vaccine is expressed as its 
equivalent in micrograms of N. Reactions: E, erythema; N, persistent 
nodule; SA, soreness of arm; G, generalized systemic disturbance. The 
height of the cross hatched column indicates the severity of the 
reaction. 
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in seven subjects who accepted an initial injec- 
tion (forty-eight hours after the test dose) of 40 
micrograms of N without difficulty. Severe local 
and in two marked generalized systemic reac- 
tions followed the second injection of 40 micro- 
grams of N in four, the third in one and the 
fourth in two subjects. The toxic phenomena in 
these men consisted of extensive erythema of the 
skin around and the development of large per- 
sistent nodules at the site of injection in associa- 
tion with great local soreness and tenderness of 
the arm. Generalized systemic reactions with 
chills and malaise were also observed. 

The course of immunization in Subject 10 
was particularly interesting since the original 
injection of 40 micrograms of N caused no 
toxicity whatever. Two weeks later after his 
sensitivity to the streptococcus had increased a 
violent reaction followed the administration of 
only 4 micrograms of N. 

The degree of the initial and the development 
of subsequent reactivity to the injection of 
streptococcal vaccine were correlated with the 
antistreptolysin titer and anti-X precipitin con- 
tent of the pre-immunization sera obtained from 
each subject. The mean antistreptolysin titer of 
the sera of twenty men who responded to the 
test dose with a severe or moderately severe 
reaction was 84 units, that in the twelve non- 
reactors was 43 units. 

Five of eleven subjects, or 45.5 per cent, whose 
initial serum contained anti-X antibody de- 
veloped an increasing sensitivity to injection of 
streptococci; only four of twenty-one, or 1 9.0 per 
cent, in whom this antibody was absent did so. 
This is a significant difference but the observa- 
tion is probably not entirely valid since a smaller 
number of subjects in whom this antibody was 
absent tolerated the large amount of vaccine 
which was most frequently followed by an 
enhanced reactivity. 

COMMENT 

An exploratory study of the immuniza- 
tion of human beings with group a hemoly- 
tic streptococci has been described. This 
work was undertaken primarily for the 
purpose of determining the total quantity 
of vaccine and duration of immunization 
that would be required for the production 
type specific antibacterial antibodies. 
These immune substances, as detected by 
the Rothbard technic, and the non-type 

a i> R u. , 19 4 9 
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specific anti-X antibody appeared in the 
serum of only those experimental subjects 
who accepted 370 micrograms of N or more 
in nine injections at weekly intervals. 
Shorter courses and smaller amounts of 
vaccine failed to induce an antibody 
response. 

The data presented herein suggest that 
antistreptococcal prophylactic immuniza- 
tion will not be practical or useful if a 
demonstrable type specific antibody re- 
sponse is essential for its success. Few persons 
will tolerate the large amount of vaccine 
that must be administered over a long 
period of time in order to stimulate the 
production of these immune substances. 

It is quite probable that resistance to 
infection by hemolytic streptococci can be 
enhanced by immunization although the 
procedure does not induce a measurable 
type specific antibody response. Success or 
failure of antistreptococcal technics under 
these circumstances can be studied only 
when epidemic conditions permit the evalu- 
ation of prophylactic methods in the field. 
This situation, which may well be that 
existing in man, is cumbersome and greatly 
iimits the possible lines of attack on the 
problem of prevention of hemolytic strepto- 
coccal disease. If an antibody response had 
occurred regularly, it could have been used 
as a guide during the study of various 
prophylactic technics, as has been the case 
in the investigation of immunization against 
infection by S. typhii and the viruses of 
influenza A and B. 

Toxicity as the result of injection of small 
numbers of heat killed group a hemolytic 
streptococci was severe. The reactions which 
occurred were principally local and con- 
sisted of erythema around and persistent 
nodule formation at the site of injection. It 
is impossible to determine whether the 
erythema was the result of reactivity on the 
part of the subjects to the Dick erythrogcnic 
material which may not have been entirely 
removed from the streptococcal cells at the 
time of preparation of the vaccine since 
none of the experimental subjects was Dick 
tested. 
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The formation of persistent large nodules, 
initially tender but later becoming painless, 
at the site of injection of the vaccine was of 
great interest. Their nature cannot be 
ascertained in the absence of histologic 
examination. In certain instances general- 
ized systemic disturbances with chills, 
malaise and aching of the joints were also 
observed. 

The subjects of Group 2, following injec- 
tion of a small number (circa 4 million cells) 
of killed group a streptococci, were divisible 
into two sharply defined groups: those who 
reacted vigorously to the test dose and 
those who accepted this and a ten-fold 
greater amount of vaccine without reac- 
tion. The basis for this sharp difference in 
reactivity cannot be elucidated. It seems 
wiser to regard the observed toxicity as a 
reaction to the erythrogenic substance 
especially since erythema was the principal 
manifestation of the disorders, until addi- 
tional experiments have been conducted 
using a vaccine prepared from repeatedly 
washed streptococci and tested in subjects 
whose Dick skin reaction has been deter- 
mined. The definite possibility exists that 
the manifestations of toxicity in these men 
were the result of sensitivity to some other 
fraction or product of the hemolytic 
streptococcus. 

This position is strengthened by the fact 
that the mean antistreptolysin titer was 
higher in individuals who reacted strongly 
to the test dose than in those who did not, 
indicating that the former group had been 
more recently infected by hemolytic strep- 
tococci than the latter. This circumstance 
may have led to a state of more active 
streptococcal hypersensitivity in these men. 

The increasing reactivity to the injection 
of hemolytic streptococci which was ex- 
hibited by certain subjects was of even 
greater interest than the initial toxicity of 
these organisms for others. This phenome- 
non occurred most frequently in those 
individuals who initially tolerated the ad- 
ministration of a large amount of vaccine 
without difficulty. Individuals who had 
received vaccine equivalent to 20 to 40 


micrograms of N on one, two, or three 
occasions without reactions subsequently 
developed violent disturbances in response 
to similar or smaller amounts of the im- 
munizing agent. Erythema and generalized 
systemic reactions were prominent features 
of these disorders but the formation of 
persistent nodules was more frequent in 
these subjects than in those in whom a high 
initial toxicity' to streptococci was observed. 

Only one interpretation of these results 
seems appropriate. The sequence of events 
in these individuals must be regarded as 
the result of the development of artificially 
induced hypersensitivity, presumably of an 
immunologic nature, to group a strepto- 
cocci. It is not possible to suggest which 
antigenic fraction or product of the organ- 
ism was responsible for the production of 
the altered tissue reaction. 

An earlier analysis indicated that the 
presence of anti-X antibody in the pre- 
immunization serum was associated with a 
higher incidence of developing sensitivity. 
A more critical examination of the data 
reveals that subjects in whose sera this sub- 
stance was initially present more frequently 
accepted the larger amounts of vaccine that 
were usually required for the stimulation of 
an increased reactivity. 

The results of this study in human beings 
are consistent with those obtained in other 
animals 26,27 which demonstrated that hemo- 
lytic and non-hemolytic streptococci are 
remarkably effective sensitizing agents when 
injected locally. Elsewhere 28 it was pre- 
dicted that hypersensitivity might develop 


if antistreptococcal immunization were un- 
dertaken in man and that this might lead 
to a greater susceptibility' to rheumatic 
fever and other non-suppurative complica- 
tions of hemolytic streptococcal disease if 
prophylaxis against infection by hemolytic 
streptococci was incomplete. This remains 
a grave possibility. 

Theoretic considerations have suggcstcc 
that the production of active immunity to 
infection by group a hemolytic streptococci 
should be most difficult since resistance to 
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case, a polyvalent vaccine containing' cells 
of all the types of streptococci causing 
disease in the community would be essential. 
The information obtained in this study 
suggests that large numbers of organisms of 
each type would probably be required in 
the immunizing preparation and that ade- 
quate amounts of the mixture could be 
administered to few human beings because 
of its probably high initial toxicity. Added 
to these difficulties would be the great 
hazard of sensitization of the immunized 
persons. 

Future investigation of prophylactic im- 
munization against hemolytic streptococcal 
infection should include experimental study 
of non-type specific immunity. In addition, 
chemical methods should be utilized for the 
purpose of separating the immunizing from 
the sensitizing and toxic fractions or prod- 
ucts of the streptococcus. The route of 
administration of the immunizing sub- 
stance should also be evaluated since intra- 
venous injection of the antigen may be less 
likely to induce sensitization. 29 Work along 
these lines might lead to the development 
of technics suitable for the control of 
monotype epidemics in large semi-closed 
groups, such as those present in schools and 
the armed forces, even if not applicable to 
the population at large. 

SUMMARY 

1 • Heat-killed group a hemolytic strepto- 
cocci were administered subcutaneously to 
human beings. 

2. Type specific and other antibacterial 
antibodies developed only in those subjects 
"'ho received a very large amount of vac- 
cine over a nine-week period. 

3. Toxic reactions were severe following 
the injection of small amounts of vaccine in 
certain persons. Others accepted much 
larger amounts without difficulty. 

4. Increased reactivity to the injection 
of hemolytic streptococci developed in some 
subjects. This is believed to represent arti- 
ficially induced sensitivity of an immunologic 
type to the streptococcus or its products. 
ai-ril, 1949 
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S alicylates have remained the drug 
of choice in the treatment of acute 
rheumatic fever ever since Mac- 
Lagen 1 introduced the use of salicin in this 
disease. It is a commonly recognized fact 
that adequate doses of salicylates produce 
a prompt remission of fever and swelling 
in the joints and prevent extension of the 
disease process. It is believed by Coburn 2 
and others that prompt suppression of the 
rheumatic inflammation may prevent de- 
velopment of cardiac manifestations of the 
disease. Murphy 3 however, could find no 
anatomic evidence of the ameliorating effect 
of salicylates. 

The most common method of administer- 
ing salicylates has been in the form of sodium 
salicylate. Large doses have been pre- 
scribed for over forty years. Lees 4 in 1903 
recommended doses of 150 to 200 gr. (10 to 
13.3 Gm.) daily. Coburn, 5 utilizing an 
accurate method for the determination ol 
plasma salicylate, laid down criteria for 
adequate treatment. He believed that the 
dose should be high and frequent enough to 
produce and maintain a plasma salicylate 
level of 36 mg. per 100 cc. (360 micrograms 
per cc.) and thought that this could be best 
accomplished by intravenous injection. The 
gastric irritation frequently accompanying 
peroral administration of sodium salicylate 
has led to the prescription of sodium 
bicarbonate along with sodium salicylate. 
This modification became all the more 
popular because symptoms of salicylism 


were less likely to occur with its use. It is 
now recognized, however, that salicylism is 
avoided when bicarbonate is used because 
the plasma salicylate levels are lowered. 

Because of the gastric irritation fre- 
quently encountered with sodium salicylate 
medication, many clinicians have tended 
to use aspirin in high doses in the treatment 
of acute rheumatic fever. However, there 
are few published reports of its use. 6 
Recently, during the course of the clinical 
evaluation of a new aspirin tablet containing 
aluminum hydroxide, an opportunity pre- 
sented itself for study of the effect of aspirin 
in high doses on the course of acute rheu- 
matic fever and of some of the biochemical 
changes that occur during its administra- 
tion. This report deals particularly with the 
findings in respect to sedimentation rate, 
prothrombin concentration and acid-base 
balance. 

METHODS 

One hundred successive adult patients with 
acute rheumatic fever were treated with doses of 
aspirin estimated to produce and maintain 
plasma salicylate concentrations of 30 to 35 mg. 
per 100 cc. (300 to 350 micrograms per cc.). All 
these patients had the usual criteria of the 
disease: sudden onset of pain, swelling and 
tenderness in multiple joints with fever and 
rapid sedimentation rate. Some were seen in the 
first attack; many others had had previous 
episodes; a number had evidence of rheumatic 
carditis. In only eighty of these were extended 
chemical studies made, and these form the basis 
for this report. 


From the Hcktocn Institute for NIcdical Research of the Cook County Hospital. "I his w ork Has supported b) a grant 
from The Wander Co., Chicago, 111. and A. Wander, Ltd., London. England. 
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At weekly intervals venous blood samples 
were drawn under oil and the serum analyzed 
for the following constituents: sodium by the 
method of Hoffman and Osgood, 7 chloride by 
the method of Schales and Schales, 8 bicarbonate 
by the volumetric method of Van Slyke 9 with 



Fig. 1. Plasma salicylate concentrations after single 
doses of aspirin with and without aluminum hydroxide. 


the assumption of a pH of 7.4, sedimentation 
rate corrected for anemia according to Win- 
trobe 10 and prothrombin concentration by the 
Quick 11 method calculated as percentage of 
normal based on a normal control. Serum 
salicylate determinations were made by the 
method of Brodie, Udenfriend and Coburn 5 by 
ethylene dichloride extraction. Urinary parti- 
tions of salicylate were estimated by the scheme 
of Smith and his co-workers. 12 In a number of 
patients blood pH determinations were made 
at the bedside with the aid of a Coleman pH 
meter calibrated at 38°c. 

The aspirin used for this study was Alasii, * 
tablets containing 4 gr. of aspirin, 2 gr. of 
colloidal aluminum hydroxide and an excipient. 
Control tablets of aspirin were also used which 
were of the same size and which contained 4 gr. 
of aspirin but 2 gr. of starch instead of aluminum 
hydroxide. Preliminary tolerance curve experi- 
ments as illustrated in Figure 1 demonstrated 
that the plasma salicylate levels achieved after 
single doses of either form of aspirin were 
essentially the same. Of sixty-five patients given 
the control tablets in the high therapeutic doses 
eight (or 13 per cent) complained of local 

• Supplied by the House of Wander. 


gastric distress or heartburn. These symptoms 
were relieved when the tablets containing 
aluminum hydroxide were substituted for the 
control tablets without the knowledge of the 
patient. However, as will be seen later, many 
of these patients developed salicylism with either 
form of aspirin if the plasma salicylate level was 
high enough. It was not easy at this stage to 
distinguish between the distress due to local 
irritation and the nausea and vomiting of 
cerebral or systemic intoxication. Since the 
plasma salicylate levels and other chemical 
findings were indistinguishable when aspirin 
with or without aluminum hydroxide was used, 
the remainder of the paper will be made without 
reference to the presence or absence of alumi- 
num hydroxide in the medicament although for 
most of the period of study of each patient 
he was receiving the aluminum hydroxide- 
aspirin combination. 

RESULTS 

Clinical Response to Aspirin. On dosages 
ranging from 4 to 6 tablets every four hours 
(96 to 144 gr. per day depending on the 
weight, or about 128 mg. per day per Kg. 
of body weight) the patients usually experi- 
enced relief of fever, pain and tenderness 
in the involved joints in twenty-four to 
forty-eight hours, even before the plasma 
salicylate concentration had risen to levels 
of 30 or more mg. per 100 cc. Such con- 
centrations were usually achieved by the 
third day by this method of medication. 
Thus, the analgesic and antipyretic effect 
of the salicylate could be accomplished 
without high plasma salicylate concentra- 
tions. To produce these effects it was not 
necessary to employ intravenous injections 
or the hourly oral doses so popular in the 
past. Once the desired plasma level had been 
achieved it could be maintained by the same 
dose of 4 to 6 tablets given every six hours 
instead of every four hours. Complete 
subsidence of the swelling and mobility o 
the joints usually followed soon after the 
relief of pain. The patients were kept in the 
hospital until they were clinically well, but 
many had to be discharged before the 
sedimentation rate had returned to norma . 
The hospital stay ranged from fourteen to 

AMERICAN JOURNAL OF MEDICINE 



Effects of Salicylates — Hoffman et al. 


eighty-seven days with an average of thirty- 
six days. Those who stayed for thirty or 
more days usually had findings of acute 
cardiac involvement, some with increased 
P-R intervals in the electrocardiogram and 
others with pericarditis. The response of 
these patients to salicylate therapy was slow 
but their symptoms finally subsided without 
any other medication. 

Salicylism. Almost all patients in whom 
levels of 30 to 40 mg. per 100 cc. were 
maintained for several days developed one 
or more of the symptoms of salicylism. 
These included tinnitus, partial deafness, 
pounding in the head, nausea and vomiting 
and a general feeling of intoxication. As 
in alcoholic intoxication, mental disturb- 
ances were often manifested by excitability, 
negativism and irresponsibility, as recently 
described by Huntington et al. 13 It was at 
this stage that many patients refused to 
cooperate in taking the medication. They 
used various subterfuges to avoid swallowing 
the tablets which they recognized as having 
a causal relation to their new symptoms. In 
this respect aspirin was no different from 
sodium salicylate. With either medication, 
if sufficiently high plasma salicylate con- 
centrations were reached, symptoms of 
salicylism were likely to occur. Moreover, 
when sodium bicarbonate was given in 
addition to the aspirin, relief of symptoms 
occurred only because of the lowering of the 
salicylate levels. If higher doses of aspirin 
were then given and the plasma levels 
allowed to attain their previous high values, 
salicylism recurred in spite of bicarbonate 
medication. 

In the uncooperative patient failure to 
take the medication continuously could 
often be ascertained only by a rapid drop 
m the plasma salicylate levels. The patient 
was often able to hide from the nurse the 
fact that he had not swallowed the tablets. 
The importance of frequent plasma sali- 
cylate determinations as a guide to effective 
rheumatic fever therapy is thus clearly 
indicated as is one of the chief advantages 
of the intravenous therapy recommended by 
Coburn. When the plasma salicylate level 
was found to be low, cooperation could 
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usually be effected „ by the use of smaller 
doses. Thus, the eighty patients in the study 
could be divided into two groups: forty-one 
patients in whom the average plasma 
salicylate level was maintained above 25 
mg. per 100 cc. and thirty-nine in whom the 

Table i 

EFFECT OF ASPIRIN THERAPY ON SEDIMENTATION RATE 


Total no. of patients with initially elevated sedi- 
mentation rate 80 

i. No. of patients with avetage salicylate levels 

above 25 mg. per 100 cc 41 

No. of patients with sedimentation rate nor- 
mal at discharge 23 

No. of patients with sedimentation rate still 

elevated at discharge 18 

n. No. of patients with average salicylate below 

25 mg. per 100 cc 39 

No. of patients with sedimentation rate nor- 
mal at discharge 17 

No. of patients with sedimentation rate still 
elevated at discharge 22 


average level was below 25 mg. per 100 cc. 
This involuntary division was made the 
basis for a comparative evaluation of high 
or moderate salicylate doses. 

Sedimentation Rate. The sedimentation 
rate of all the rheumatic fever patients was 
high at the time of admission. It usually 
ranged between 30 and 40 mm. per hour 
after correction for anemia. In a few 
instances the sedimentation rate fell rapidly 
but never so fast as the fever and swelling. 
In many patients the sedimentation rate 
was still elevated at the time of discharge 
from the hospital when all clinical symptoms 
had already disappeared. Comparison of 
the effect of high and low plasma salicylate 
concentrations on the sedimentation rate 
(Table i) showed only a slight superiority of 
the high levels in reducing the sedimenta- 
tion rate to normal by the time clinical 
symptoms had completely disappeared. 
Seventeen of thirty-nine patients were able 
to achieve this result with moderate levels, 
as had been found by Manchester,’ 4 while 
twenty- three of forty-one accomplished it on 
average levels higher than 25 mg. per 
100 cc. 

Prothrombin Levels. The concentration of 
prothrombin was expressed for con\-cniencc 
as inversely proportional to the prothrombin 
time rather than on the basis of a prothrom- 
bin curve. The error involved in this 
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assumption is not important for moderate 
reductions of prothrombin. Ever since 
Link 16 showed that salicylate was a proba- 
ble end product of the metabolism of 
dicumarol, a fear has been created that 
salicylate therapy can produce a hemor- 

Table ii 

EFFECT OF ASPIRIN THERAPY ON PROTHROMBIN LEVEL 


Total No. of Patients 66 

i. No. of patients with average salicy- 
late level above 25 mg. per 100 cc. . . . 31 

No. of patients with prothrombin 

below 75 per cent 10 (32%) 

No. of patients with prothrombin 

bovea 75 per cent 21 (68%) 

ii. No. of patients with average salicylate 

levels below 25 mg. per 100 cc 35 

No. of patients with prothrombin 

below 75 per cent 12 (34%) 

No. of patients with prothrombin 

above 75 per cent 23 (66%) 


rhagic tendency by lowering the pro- 
thrombin concentration. Several reports 16,17 
have intimated such an effect, especially in 
children. Weekly prothrombin time estima- 
tions were made in sixty-six of our patients. 
In general it was found that there was very 
little change in the prothrombin levels 
whether the patients were on high or on 
low doses of aspirin. In only 33 per cent of 
the patients was there a fall below 75 per 
cent of normal. Even in these instances the 
drop was usually moderate and the level 
tended to return to above 75 per cent of 
normal with continuation of the medica- 
tion. No relationship could be found be- 
tween the incidence of lowered prothrombin 
levels and plasma salicylate concentrations 
(Table n), the same percentage being found 
in the high and in the low plasma salicylate 
groups. In only one instance was there a 
fall of prothrombin to a dangerously low 
level. Here the concentration was calcu- 
lated as 20 per cent of normal. The only 
clinical manifestation of hemorrhagic tend- 
ency which this patient manifested was a 
prolongation of the menstrual period. This 
bleeding was promptly stopped by the 
injection of two ampules of vitamin K 
(9.6 mg.). Thereafter the patient’s pro- 
thrombin level remained in the normal 
range with continued aspirin therapy and 


no further administration of vitamin K. 
At the time of the prolonged menses the 
plasma salicylate level was only 19.8 mg. 
per 100 cc. Thus, these data do not support 
the claim of Link and others that salicylate 
therapy has a specific effect upon pro- 
thrombin concentration. The isolated in- 
stances of a tendency toward bleeding can 
be more reasonably regarded as manifesta- 
tions of idiosyncrasy. 

Acid-base Balance. Serum chloride, 
sodium and bicarbonate determinations 
were made weekly during the course of 
salicylate therapy. Most patients experi- 
enced a moderate reduction of serum bi- 
carbonate. If the lowest serum bicarbonate 
value found for each patient was chosen, 
twenty-four patients had values below 
40 vols. per 100 cc. (18 mEq. per L.), forty- 
seven had levels between 40 and 50 vols. 
per 100 cc. (18 to 20 mEq. per L.) and 
nine had levels above 50 vols. per 100 cc. 
(Table in). The bicarbonate levels had no 
determining effect upon the incidence of 
salicylism, except in so far as low bicarbon- 
ate concentration was more likely to occur 
with high plasma salicylate. Salicylism 
occurred with both high and low bicarbon- 
ate. Its appearance seemed to be related 
only to the plasma salicylate concentration 
as previously mentioned. 

Serum chloride concentration was found 
to be elevated in the majority of instances, 
the highest levels being found in the group 
with the lowest bicarbonate concentration- 
The range of chloride values found in eac i 
patient at the time of lowest serum bicar- 
bonate was from 98.6 to 118 mEq. pe r L- 5 
the overall average being 108.6. In the 
group of low bicarbonate levels (below 
40 vols. per 100 cc.) serum chloride average 
110 mEq. per L. Serum sodium concen- 
trations, on the other hand, were usual y 
within normal limits but on the low side. 
The range was from 134 to 147 mEq- P cr 
L,, the average being 140.3 for all the 
patients and only slightly lower (139.8) m 
the patients with serum bicarbonate below 
40 vols. per 100 cc. These findings, wluc i 
are summarized in Table in, arc similar to 
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those found by Guest, Rapaport and 
Roscoe. 18 

Blood pH determinations were not made 
until near the end of the study. In fifteen 
patients in whom the pH determination 
was made at the bedside at the time of high 
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were then repeated. Urine pH determina- 
tions were made in both experiments. The 
details of these experiments will be reported 
elsewhere. 

The clearance of salicylate and chloride 
before and after bicarbonate could not be 


Table iii 


ACID-BASE FINDINGS DURING ASPIRIN THERAPY 



No. of 
Cases 

Lowest Serum Bi- 
carbonate mEq./L. 

Serum Chloride 
mEq./L. 

Serum Sodium 
mEq./L. 

pH 

Range 

Average 

Range 

Average 

Range 

Average 

Range 

Average 

Total 

H 

14-25 

19 

98.5-118.5 

108.6 

134-147 

m 





14-18 


101-118.5 

110.1 

134-145 

BUI 


1 


47 

18-22 


100-114.3 

107.0 

134-146 





9 

22-25 


98.5-110.5 

104.1 

137-146 

lull 



Blood pH 

'15 







7.30-7.51 

7.41 

Urine pH 

30 






1 

4.88-6.60 

5.42 







II 




plasma salicylate levels the values ranged 
between 7.30 and 7.51 with an arith- 
metical mean of 7.41. (Table iii.) These 
values appeared to show little deviation on 
either the acid or basic side of normal in 
spite of the lowered serum bicarbonate. 

Determinations were made of the pH of 
freshly passed urine specimens in thirty 
patients at the height of the aspirin therapy. 
The urine pH ranged from 4.88 to 6.30. 
However, there were only two values above 
6.00. The arithmetical mean was 5.42. 

Salicylate and Chloride Clearance. To deter- 
mine whether there was any relation 
between chloride and salicylate excretion 
and what the effect on alkali was on these, a 
scries of clearance studies were carried out 
on twelve patients during convalescence 
from acute rheumatic fever and while still 
in aspirin therapy. Plasma and urinary 
salicylate determinations were made by 
ethylene dichloride extraction in duplicate 
one-hour clearance tests. Chloride and 
creatinine clearances were likewise deter- 
mined. After these tests the subjects were 
placed on an alkalinizing regimen, 2 to 
3.3 Gm. of sodium bicarbonate every six 
hours for three days, in addition to the 
regular aspirin doses. The clearance tests 
APRIL, 1949 


compared directly because the creatinine 
clearances were found to be lowered by the 
alkalinizing regimen. To rule out the effect 
of altered glomerular filtration the sali- 
cylate and chloride clearances were ex- 
pressed as percentages of the simultaneously 
determined creatinine clearances. When 
the apparent salicylate clearance was deter- 
mined on the basis of the ethylene di- 
chloride extraction and expressed as the 
percentage of the creatinine clearance 
(called S/C), the values ranged from 1 .36 to 
5.78 for urines the pH of which ranged from 
4.98 to 5.99. In the urine of pH of 6.60 the 
S/C was 9.51, and in that with pH of 6.68 
the S/C was 11.7. After alkalinization the 
urinary pH ranged from 6.22 to 7.98. The 
S/C values rose in all cases, the lowest value 
of 6.62 being found with the urine of pH 
6.22 and the highest of 33.3 for a urine of 
pH 6.98. In general the clearance was 
increased three to eight times by alkaliniza- 
tion. Chloride clearances, similarly ex- 
pressed as percentages of the creatinine 
clearance, Cl/C, ranged from 6.5 to 3.16. 
On the alkaline regimen, chloride clearance 
was increased significantly in seven of 
twelve experiments as might have been 
expected; 19 but in five experiments there 
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was either little change or slight depression 
of the chloride clearance. 

During the course of these clearance 
experiments the work of Smith and his 
co-workers 12 on the fractionation of the 
urinary salicylate came to our attention. 


salicylate was markedly increased, it became 
apparent that the principal effect of alkalin- 
ization was on the excretion of free sal- 
icylate rather than on the conjugated 
derivatives. These findings are in general 
agreement with those of Smith and his 


Table iv 

SALICYLATE AND CHLORIDE CLEARANCES AND DISTRIBUTION OF URINARY SALICYLATE DURING ASPIRIN 
THERAPY WITH AND WITHOUT SODIUM BICARBONATE 


Case 

NaHCOs 

Urine 

pH 

| Serum 
Chloride 
mEq./L. 

Plasma 
Salicyl- 
ate 
mg./ 
100 cc. 

Crea- 
' tinine 
Clear- 
ance 
cc./min. 

CI/C* 

1 

Appar- 

ent! 

S/C 

Appar- 
ent f 
SA/C 

SA§ 
mg./ 
100 cc. 

su§ 

mg./ 
100 cc. 

1 

ST§ 

mg./ 
100 cc. 

SA/ST 

1 

1 

5.99 

104.7 

29.5 

94.3 

1.73 

3.13 

1.95 

12,8 

13.9 

60.6 

0.21 

13.3 Gm. 
daily 

7.14 

93.5 

6.0 

63.9 

5.66 i 

j 

23.5 

17.2 

13.5 

9.8 1 

39.1 

0.35 

4 

None 

5.70 

100.2 

29.0 

91.2 

0.98 

4.28 

2.68 

15.7 

21.1 

88.9 

0.18 

13.3 Gm. 
daily 

7.55 

105.0 

16.1 

86.4 

1.23 

26.8 

22.9 

116.8 

19.3 

189.2 

0.62 


* Cl/C = Chloride clearance-!- creatinine clearance ratio. 

t Apparent S/C = ratio of salicylate clearance to creatinine clearance when the salicylate clearance is calculated 
from plasma and urine salicylate concentration determined by ethylene dichloride extractions and no account is 
taken of the bound portion in the plasma. 

| Apparent SA/C = same as S/C except that salicylate clearance is determined from free salicylate in urine (SA). 

§ SA = free salicylate concentration in urine; SU = salicylurate concentration in urine; ST = total salicylate 
concentration in urine. 


Smith’s technic involved extraction of urine 
with both ethylene dichloride and carbon 
tetrachloride and calculation of the urinary 
salicylate in terms of free salicylate, sal- 
icylurate and total salicylate from empiri- 
cally derived equations. Fractionations were 
made by this method in six of the twelve 
clearance experiments. If the salicylate 
clearances were estimated on the basis of 
the free salicylate excreted and again 
expressed as percentages of the creatinine 
clearances, the values found ranged from 
0.84 to 2.43. However, during alkali ad- 
ministration these values rose to values two 
to eight times as high. Thus, there was no 
doubt that salicylate excretion for any given 
plasma salicylate level was markedly in- 
creased when more base was available for 
urinary excretion. Since on the alkaline 
regimen the ratio of free salicylate to total 


co-workers. Representative data in two 
experiments are shown in Table iv. 

COMMENTS 

The clinical and laboratory findings in the 
eighty patients with rheumatic fever in 
whom intensive studies were made are in 
accord with the prevailing view that aspirin 
in large doses is a convenient and satis- 
factory form of salicylate medication. The 
local gastric irritation so often found with 
sodium salicylate occurred only occasionally 
in these patients and it was avoided com- 
pletely when the tablets containing al u " 
minum hydroxide were used. There were no 
recognizable untoward effects, locally or 
systemically, from the aluminum hydroxide. 
The ease with which the desired salicylate 
levels were achieved and maintained con- 
firmed the findings with single doses that 
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salicylates are promptly absorbed from the 
intestinal tract. Since it has already been 
shown by Lester et al., 20 and confirmed in 
unpublished studies by us, that the sal- 
icylate found in the blood after a dose of 
aspirin is almost entirely free salicylate, 
there is no contraindication to the use of 
aspirin on this score. In fact, Lester believes 
that the small quantities of acetylsalicylic 
acid found for a short time in the blood 
after a dose of aspirin have a greater 
analgesic effect than does free salicylate. 
Another advantage of the use of aspirin, 
with or without aluminum hydroxide, is 
that it is unnecessary to administer sodium 
bicarbonate. A still further advantage will 
be recognized later in the discussion. 

The absence of serious increases in the 
prothrombin time in this group of patients 
is heartening for recent reports of the 
possible hemorrhagic danger of salicylate 
therapy have tended to discourage its use. 
Since at present the only effective remedy in 
acute rheumatic fever is salicylate in one 
form or another, it would be unfortunate if 
physicians were deprived of its use on 
inadequate grounds. The occasional patient 
who shows an unusual lowering of pro- 
thrombin concentration with a tendency 
toward bleeding can easily be treated with 
vitamin K. Whether aspirin (or aspirin with 
aluminum hydroxide) produces less alter- 
ation of the prothrombin time than sodium 
salicylate could not be determined, but it 
has been our general impression that in the 
many hundreds of patients treated with so- 
dium salicylate in this hospital very little 
hemorrhagic tendency has been encountered . 

The original plan of therapy in this study 
was to give doses of aspirin high enough to 
maintain the plasma levels recommended 
by Coburn. This procedure was found 
impossible by oral therapy in almost one- 
half of the subjects. In these patients a 
compromise was reached in which the 
patients were given doses that would keep 
the plasma levels just below salicylism. This 
dose was 12 to 20 gr. (0.8 to 1.3 Gm.) every 
four hours until the desired level had been 
reached and then the same dose every six 
april, 1949 


hours. In these patients maintained at 
plasma salicylate levels between 20 and 
25 mg. per 100 cc. the therapeutic results 
were only slightly less satisfactory than 
those with higher doses. From a practical 
point of view, it may be safer to use moderate 
doses and have the assured of cooperation 
of the patient than to insist on the high doses 
which require constant vigilance and fre- 
quent plasma salicylate determinations. 

The significance of the lowered serum 
bicarbonate found during salicylate therapy 
remains controversial. Does salicylate in- 
gestion produce a primary alkalosis due to 
respiratory stimulation with compensatory 
fall in bicarbonate or does it produce a 
primary fixed acid acidosis with com- 
pensatory respiratory stimulation? That 
toxic doses of salicylate, especially in 
children, produce marked hyperpnea is 
well recognized. In a recent case of aspirin 
poisoning in an eighteen month old child 
seen by us, we encountered a respiratory 
rate of more than 70 per minute, far greater 
than is seen in diabetic coma. Such respira- 
tory stimulation with elevated serum pH 
has been reported by Coombs et al. 21 and 
also by Ryder et al. 22 who also found an 
alkaline urine. In experimental salicylate 
intoxication in dogs, Rapaport and Guest 23 
as well as Boyle et al. 24 were able to demon- 
strate an initial rise in the serum pH 
followed by a fall in serum bicarbonate with 
a compensated return of the pH toward 
normal. Guest et al., ls in a clinical study 
of children with rheumatic fever treated 
with sodium salicylate, presented further 
evidence that the primary effect was 
respiratory stimulation with alkalosis. They 
regarded both the lowering of bicarbonate 
and the retention of cliloridc as secondary 
compensatory phenomena. 

On the other hand, Erganian et al. 25 
found a lowered serum pH and thus acidosis 
in thirteen cases of salicylate intoxication in 
infants. Dodd 20 had similar findings. Our 
own data offer no support to the idea of 
primary alkalosis. The pH of the blood was 
usually about normal, and there were as 
many deviations to the acid side as to the 
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basic. Also, hyperpnea was not a noticeable 
feature of the symptomatology of our 
patients during any stage of therapy. 
Furthermore, alkaline urines were never 
encountered. For the most part, the urine 
specimens were highly acid even though 
ketone bodies were seldom seen in these 
adult patients. Like Rapaport and Guest we 
found a tendency toward elevated serum 
chloride concentrations with normal or 
slightly lower than normal serum sodium 
concentrations. Since the plasma salicylate 
at levels of 40 mg. per 100 cc. produced a 
displacement of only 3 mEq. of bicarbonate 
per L. and since no retention of other acids 
was seen, the lowered bicarbonate was 
evidently related to the elevated chloride 
and slightly lowered sodium. These findings 
associated with acid urine are consistent 
with those of a fixed acid acidosis. 

It is possible to achieve a harmonious 
explanation of these apparently irrecon- 
cilable findings in a manner similar to that 
offered by Erganian et al. 25 A rapid rise in 
plasma salicylate concentration, especially 
like that seen in salicylate poisoning in 
children or in experimental salicylate in- 
fusion into animals, has as its primary 
pharmacodynamic action a stimulation of 
the respiratory center with rapid removal 
of free carbonic acid and production of an 
alkalosis of carbonic acid deficit. Com- 
pensation tends to take place by neutraliza- 
tion of base bicarbonate by the plasma 
proteins and particularly by hemoglobin. 
The ultimate compensation is by excretion 
of alkali in the urine. However, independent 
of this action of salicylate, is its own 
acidifying action and its effect in increasing 
the excretion of sodium and retention of 
chloride. These latter phenomena would 
produce an acidosis which would require 
for compensation a respiratory stimulation 
which has already been produced inde- 
pendently. Thus, the two actions of sal- 
icylate are mutually compensatory, and the 
net effect is a blood pH nearly normal in the 
presence of lowered bicarbonate and ele- 
vated chloride. An additional compensation 
may be the expansion of extracellular space 


including plasma volume as recently re- 
ported by York and Fisher. 27 If the accumu- 
lation of salicylate is relatively slow, as in 
our patients, the primary hyperventilation 
may be slight and the acidosis effect more 
significant. Individual sensitivity of the 
respiratory center, too, may be a deter- 
mining factor in production of the primary 
alkalosis. 

Our clearance studies show that sal- 
icylate, like chloride, has a very low clear- 
ance. Even if, as Smith and Lester have 
pointed out, only about one-fourth of the 
plasma salicylate is in the unbound state 
when the concentration is about 30 mg. per 
100 cc. (the remainder being bound to 
serum proteins), the clearance of salicylate 
is still very small compared with that of 
creatinine. Apparently most of the un- 
conjugated salicylate filtered through the 
glomeruli is reabsorbed by the tubules unless 
an excess of base is available for simul- 
taneous excretion with it. Under these 
circumstances it may be that both chloride 
and salicylate compete for the limited 
amount of base available for excretion, and 
when the urine is highly acid both chloride 
and salicylate are reabsorbed and retained. 
When extra alkali is furnished and the urine 
pH rises considerably, much larger quan- 
tities of salicylate can be excreted. In the 
majority of experiments it was possible to 
demonstrate that chloride under these 
circumstances was also better excreted. 
Thus, the acidosis effect of salicylate can 
be explained by the enforced retention of 
both salicylate and chloride. 

If the acidifying effect of salicylate serves 
as compensation for the primary hyperpnea, 
it is apparent that aspirin which is ad- 
ministered as a free acid without sodium is 
preferable to sodium salicylate in producing 
this action. This may be why in our pa- 
tients we could not corroborate the high 
blood pH values reported by Guest and 
Rapaport. Conversely, in aspirin or sal- 
icylate poisoning administration of sodium 
bicarbonate is mandatory in spite of any 
primary alkalosis for the only rapid way to 
lower the plasma salicylate concentration 
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is to alkalinize the urine. In the case of 
salicylate poisoning just mentioned, rapid 
amelioration of symptoms was produced by 
administration of glucose and sodium lac- 
tate intravenously and of sodium bicarbon- 
ate by stomach tube in what appeared to 
be a dying baby. This treatment is in 
accordance with that recommended by 
Barnett et al. 28 The fear expressed by 
Krasnoff and Bernstein 29 of using sodium 
bicarbonate by stomach tube because of the 
danger of increasing the absorption of 
whatever salicylate is still in the stomach is 
unfounded since the amount absorbed is 
small compared to the increased excretion 
due to the alkali. 

SUMMARY 

Eighty adult patients with acute rheu- 
matic fever were treated with aspirin until 
disappearance of clinical symptoms of the 
disease. Of sixty-five patients started with 
control tablets of aspirin eight complained 
of gastric distress following ingestion. This 
distress disappeared when tablets containing 
aspirin and aluminum hydroxide were 
substituted. For most of the period of 
therapy in all patients, aspirin plus alu- 
minum hydroxide was administered. 

Some symptoms of salicylism occurred in 
almost all patients when the plasma sal- 
icylate level was more than 30 mg. per 
100 cc. Only forty-one patients could be 
maintained at this level; thirty-nine had 
to be given doses that produced levels 
under 25 mg. per 100 cc. The sedimentation 
rate subsided to normal in a slightly larger 
proportion of patients in the group with 
high plasma salicylate levels. 

The prothrombin concentration was only 
slightly affected by aspirin therapy. A drop 
below 75 per cent of normal occurred in 
one-third of the cases, there being no 
difference in incidence in the high or 
moderate dose groups. 

A moderate fall in serum bicarbonate 
occurred in most cases, associated with an 
elevated serum cliloridc and a slightly 
diminished serum sodium. The blood pH 
was usually normal. The urine was usually 
APRn.. 1949 


44 1 

acid. It is believed that salicylate produces 
a primary hyperpnea with alkalosis but that 
the accumulated salicylate produces a fixed 
acid acidosis and that the two effects are 
mutually compensatory. 

The apparent salicylate clearance after 
aspirin therapy is only about 3 per cent of 
the creatinine clearance when the urine is 
highly acid. It increases three to eight 
times when the urine is alkalinized with 
sodium bicarbonate. Most of this increase 
is in free salicylate. Alkalinization is there- 
fore of prime importance in the treatment 
of salicylate poisoning. 
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Relative Infectivity of Blood and 
Cerebrospinal Fluid in Secondary Syphilis* 

Chester N. Frazier, m.d. f and H. C. Pian, m.d. 
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I nvasion of the central nervous system 
of the human host by Treponema 
pallidum is related to the primary 
dissemination of the organism by the blood. 
In 1913 Uhlenhuth and Mulzer 1 showed 
that the blood of patients with primary or 
secondary syphilis was infectious in the 
rabbit. Of fifty-five cases of primary or 
secondary syphilis the blood of forty-three, 
or 78.2 per cent, when injected into the 
rabbit’s testis in amounts of 2.0 cc. pro- 
duced syphilitic orchitis. 

Within recent years it has been demon- 
strated that the dissemination of spirochetes 
in the blood may occur in man even before 
the appearance of any clinically detectable 
lesion of syphilis. 2 In one instance the 
blood of a donor transmitted a virulent 
infection to the recipient twenty days before 
the appearance of a chancre on the penis 
of the donor and at a time when the sero- 
logic tests for syphilis on the donor’s blood 
were negative. 3 

In 1906 Hoffman first found that the 
cerebrospinal fluid of a syphilitic man was 
infectious in the ape. 4 Since then several 
studies have shown the presence of T. 
pallidum in the spinal fluid of man during 
the early stage of syphilis when the fluid 
was normal on examination by the usual 
laboratory tests. In three such studies in 
which the technic of testicular inoculation 
of the rabbit was used from 15 to 20 per 
cent of the inoculations gave positive re- 
sults. 5-7 In each case the spinal fluid was 
apparently normal with respect to cells, 


protein, complement fixation and colloidal 
gold or mastic reaction. 

In the last investigation of the problem 
by Chesney and Kemp the spinal fluids of 
thirty-four patients were studied. 8 All pa- 
tients had one or more clinical signs of early 
syphilis as well as positive serologic tests on 
the blood. None had any demonstrable 
abnormality of the spinal fluid nor did they 
have any physical sign of neurologic disease. 
The duration of infection was from three 
to six months, and secondary manifestations 
of the disease had been present for from 
one day to ten weeks. Nine of the patients 
were white and twenty-five were Negroes; 
eighteen were males and sixteen were 
females. 

Positive animal inoculations were ob- 
tained with the spinal fluid of five, or 14.7 
per cent, of the thirty-four patients. Only 
fluids with cell counts below 9 per cu. mm. 
were used. All other tests were negative, 
including complement fixation which was 
made with 1.0 cc. of spinal fluid. From 0.75 
to 3.0 cc. of fluid were used for the inocula- 
tion of each rabbit. There was no observable 
relation between the occurrence of positive 
inoculations and any particular type of 
secondary clinical phenomenon of the 
disease. 

As dissemination of the organisms by the 
blood takes place very soon after infection 
it must be assumed that invasion of the 
central nervous system likewise occurs early 
in the infection. It is obvious that once T. 
pallidum enters the blood stream it ncccs- 
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sarily is carried to the brain and spinal cord 
and to the meninges. Just how soon and 
with what frequency the organisms leave 
the blood to become localized in the extra- 
vascular tissues of the nervous system is 
unknown. Some indication of this may be 
obtained by the frequency with which T. 
pallidum is present in the cerebrospinal 
fluid concurrently with its presence in the 
blood stream early in the disease. It is with 
this aspect of the problem that we are 
concerned. 

The study which this paper reports was 
made in Peiping, China, on Chinese pa- 
tients observed at the Peiping U nion Medical 
College during the years from 1933 to 1941 
inclusive. There was a total of fifty patients; 
however, the animals inoculated with ma- 
terial from four of the patients were casual- 
ties of war and no information concerning 
them is available. This leaves to be described 
the results of the study on the blood and 
spinal fluid of forty-six patients, of whom 
thirty-eight were males and eight were 
females. 

At the time the inoculations were made 
all patients presented active signs of second- 
ary syphilis and thirteen also had a primary 
chancre. There were localizations of disease 
in the integumentary system in forty-four 
patients and in the skeletal system in four- 
teen patients. One patient also had irido- 
cyclitis and another had laryngitis. In no 
case was there any sign of neurologic disease. 
The complement fixation (Kolmer) and 
flocculation (Kahn) tests were positive in 
all patients. In twenty-nine cases dark field 
examination of cutaneous lesions was posi- 
tive for T. pallidum. In the remaining pa- 
tients the lesions were not suitable for dark 
field examination or no organisms could be 
found. 

Forty patients had received no treatment 
for syphilis. There were six who had been 
treated at the time of the chancre with from 
one to three injections of neoarsphenamine. 
Subsequently, at intervals of from two to 
sixteen months all six patients developed a 
clinical relapse in the integumentary system 
and, in addition, three patients also had le- 


sions of the skeletal structures and one had 
an iridocyclitis. Four of the six patients had 
minimal abnormalities of the spinal fluid 
but no anatomic sign of neural disease. All 
the clinical relapses were in the males. 
Virulent organisms were isolated from the 
blood of each patient with clinical relapse 
and from the spinal fluid of two patients, 
each with minimal abnormalities of the 
fluid. 

METHOD OF INOCULATION 

For the purpose of isolating T. pallidum from 
the blood and spinal fluid the following method 
was employed: Venous blood was withdrawn 
from each patient and immediately 1.0 cc.of 
blood was injected into each testis of two 
rabbits. In like manner and in the same amount 
two rabbits were inoculated with spinal fluid. 
The inoculated animals were observed at fre- 
quent intervals of time, never less than once a 
week, for ninety days or until signs of orchitis 
developed. Upon the appearance of orchitis 
material aspirated from the testis was examined 
for the presence of T. pallidum by dark field 
illumination. An inoculation was considered 
positive only when treponemes were found by 
this technic. 

When no organisms could be demonstrated 
microscopically in the enlarged testis, the testis 
was removed aseptically, emulsified in a sterile 
isotonic solution of sodium chloride and 1 .0 cc. 
of the emulsion injected into one testis of each of 
two rabbits. These animals were observed for at 
least ninety days before being discarded as 
normal. 

In the event that no orchitis developed tdter a 
period of ninety days in the animals originally 
inoculated with blood or spinal fluid, both 
popliteal lymph nodes were removed aseptic- 
ally under ether anesthesia and emulsified in 
sterile isotonic sodium chloride solution. The 
entire emulsion was divided and one-half was in- 
jected into one testis in each of two rabbits. 
These animals were in turn observed for at 
least ninety days or until orchitis developed. 

In two instances in which animals of the first 
transfer developed doubtful evidence of syphilis 
the involved testis was removed and emulsified 
and 1.0 cc. of the emulsion injected into a testis 
of each of another two rabbits. 

When the animals inoculated with blood or 
spinal fluid failed to develop orchitis, the chances 
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of demonstrating organisms by transfer of 
tissues were small. In fourteen cases in which 
either testis or lymph node was transferred from 
rabbits inoculated with blood only two resulted 
in establishing a demonstrable infection in the 
rabbit. Of thirty-seven transfers from rabbits 


Table i 

PERIOD OF INCUBATION OF SYPHILIS IN RABBITS INOCULATED 
WITH BLOOD OR SPINAL FLUID 


Incubation 
Period, Days 

Animals Infected 

Inoculum 

Blood 

No. 

Spinal Fluid 
No. 

30-39 

1 

0 

40-49 


0 

50-59 

23 

1 

60-69 


4 

70-79 

4 

1 

80-89 

1 

I 

90-99 

1 

0 

Total 

50 

7 


inoculated with spinal fluid and failing infection 
only three tissue transfers gave positive results. 
In one of these cases organisms were observed 
only after the second transfer of testicular ma- 
terial. The animal of the original inoculation 
had developed orchitis from which no T. 
pallidum could be found on dark field 
examination. 

RESULTS OF INOCULATIONS 

Injectivity oj Blood. The blood from forty- 
six patients was tested for infectivity. Thirty- 
five, or 76.1 per cent, of the inoculations 
produced an infection in rabbits. The orig- 
inal inoculation gave positive results in 
thirty-three cases. The period of incubation 
of the disease in these animals is shown in 
Table 1 . 

Positive inoculations were equally dis- 
tributed between male and female patients. 
All patients in clinical relapse had infectious 
blood. 

The distribution of positive inoculations 
with respect to the duration of infection in 
the patient, as measured from the appear- 
ance of the chancre, is given in Table n. 
The blood of one female patient was in- 
atril, 1949 


fectious in the rabbit ten months following 
the chancre. In this case condylomatous 
lesions of the skin had been present for seven 
months at the time the inoculation was 
made. In another case, that of a male pa- 
tient who was in clinical relapse, the blood 

Table ii 

DISTRIBUTION OF POSITIVE INOCULATIONS AND ABNORMAL 
SPINAL FLUIDS ACCORDING TO THE DURATION 
OF SYPHILIS IN THE PATIENT 


Duration 
of Infec- 
tion, Mo. 

Cases 

No. 

Inoculations ^ 

i 

Status of Spinal Fluid 

Blood 

Positive 

No. 

Spinal ! 
Fluid 
Positive 
No. 

Normal 

No. 

Abnor- 

mal 

No. 

Bloody 

No. 

1- 2 1 

14 

10 

0 


2 

0 

3- 4 , 

15 

12 

4 


3 

2 

5- 6 

5 

5 

2 

3 

1 

1 

7- 8 

5 

4 

3 

' 3 

2 

0 

9-10 

1 

1 

0 

1 

0 

0 

11-12 

1 

0 

0 

1 

0 

0 

13- 

1 

1 

0 

1 

0 

0 

Unknown 

4 

2 

0 

4 

0 

0 

Total 

46 

35 

9 

35 

8 

3 


was infectious thirty-six months following 
appearance of the chancre and sixteen 
months after administration of three doses 
of neoarsphenaminc. The spinal fluid of 
the two patients was normal and did not 
infect any rabbits. There were six patients 
with dark field positive lesions of the skin 
whose blood did not transmit syphilis. 

Infectivity of Cerebrospinal Fluid. The spinal 
fluids of forty-six patients were transferred 
to the testes of rabbits. There were nine, or 
19.6 per cent, positive inoculations all from 
the fluids of male patients. In seven in- 
stances the animals directly inoculated with 
spinal fluid developed syphilis in from fifty- 
six to cighty-two days after the inoculation. 
(Table 1 .) 

Of the forty-six spinal fluids which were 
examined thirty-five were normal to routine 
laboratory tests, including the cell count, 
protein content, and complement fixation 
and colloidal mastic reactions. The re- 
mainder showed minimal abnormalities in 
the number of cells and in the content of 
protein except that three fluids also gave a 
positive colloidal mastic reaction and one a 
weakly positive complement fixation reac- 
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tion (2 plus in 0.5 cc. of fluid). Cell counts 
above 10 per cu. mm. with or without an 
increase of protein or above 5 per cu. mm. 
with an increase of protein were considered 
abnormal. Five of the normal and four of 
the abnormal spinal fluids produced syphi- 
Table in 

DISTRIBUTION OF POSITIVE INOCULATIONS AND ABNORMAL 
SPINAL FLUIDS ACCORDING TO DURATION 
OF SECONDARY MANIFESTATIONS 
OF SYPHILIS IN PATIENTS 


Duration 
of Sec- 
ondary 
Lesions 
Wk. 

Cases 

No. 

Inoculations 

1 

| Status of Spinal Fluid 

! 

Blood | 
Positive 1 
No. I 

Spinal 

Fluid 

Positive 

No. 

Normal 

No. 

Abnor- ’ 
mal 
No. 

Bloody 

No. 

1- 2 

15 

11 

2 

13 

2 

0 

3- 4 

9 

7 

0 

5 

3 

1 

5- 6 

2 

2 

1 1 

2 

0 

0 

7- 8 

13 

9 

4 

7 

4 

2 

9-10 

0 

0 

0 

0 

0 ■ 

0 

n-12 

2 

2 

2 

1 

1 

0 

13-14 

0 

0 

0 

0 

0 

1 0 

15-16 

1 

1 

0 

1 

0 

0 

17-18 

0 

0 

0 

0 

0 

0 

19-26 

0 

0 

0 

0 

0 

1 0 

27-28 

1 

1 

0 

1 

0 

0 

29- 

1 

0 

0 i 

1 

0 

0 

Unknown 

2 

2 

0 

1 

1 

0 

Total 

46 

35 

9 

32 

11 

3 


litic orchitis in rabbits. Among the infecti- 
ous abnormal fluids was the one showing 
the greatest deviation from normal. 

There was no significant correlation be- 
tween spinal fluids which were infectious 
for animals and any particular kind of 
clinical lesion. The nearest approach to such 
a relationship was in the patients with alo- 
pecia. There were ten cases of alopecia 
among the forty-six patients in the series. 
Four of the ten patients showing a loss of 
hair had infectious spinal fluids. In other 
words, 40 per cent of patients with alopecia 
and 13.8 per cent of those with no alopecia 
had fluids-which established an infection in 
rabbits. The difference of 26.2 per cent, 
however, is not statistically significant, 
being within the range of sampling error 

(; - '4 

There has been one previous report on a 
study of the cerebrospinal fluid in syphilitic 
Chinese patients. The study was made dur- 


ing 1931 to 1932 by Pearce, Hu and Mu at 
the Peiping Union Medical College. 9 It is 
of interest to observe that in none of forty 
patients who were studied was the spinal 
fluid infectious in rabbits. Included in the 
number examined were ten patients with 
early active manifestations of syphilis who 
had never been treated for this disease. All 
had normal spinal fluids. There were also 
five patients in neurorelapse, three of whom 
showed an elevated cell count in the spinal 
fluid. The technic of inoculation, the size 
of the inoculum and the period over which 
the animals were observed conformed to the 
practice in the present study. Both studies 
were made in the same laboratory. On the 
basis of our experience one might have 
expected to find that two or three of the 
spinal fluids were infectious. 

Relative Injectivity of Blood and Spinal Fluid. 
From the results of the inoculations it is 
apparent that infection of the blood in early 
syphilis does not indicate infection of the 
spinal fluid. However, infection of the 
spinal fluid is accompanied by infection of 
the blood. At least this was true of all pa- 
tients in this study who had infectious spinai 
fluids. 

It is not to be assumed that the results of 
inoculation are absolute in their indication 
of the presence of organisms in either the 
blood or the spinal fluid. The relative proba- 
bility of infectivity of the blood and spinal 
fluid is unknown. Under optimal conditions 
one is inclined to believe that there arc 
probably more treponemes per unit volume 
in the blood than in the spinal fluid. The 
infectivity of these tissues in any case would 
depend primarily upon the number of or- 
ganisms present and upon the susceptibility 
of the rabbit to the first inoculation with 
organisms unaccustomed to the new host. 
It might be suspected that the blood of all 
patients in the active secondary stage of 
syphilis carries spirochetes although it is 
possible that the period of greatest infectivity 
precedes the appearance of metastatic 
lesions. 

If it is assumed that the blood of patients 
whose infection is not over two months 
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duration contains a reasonable number of 
organisms and is infectious, the blood of all 
fourteen patients in this study in this period 
of the disease should have produced syphilis 
in the inoculated rabbits. As it was only 


number of positive inoculations would be 
twelve, or 26 per cent, of all the tested 
fluids. This theoretical figure may not be 
too inaccurate since there were three fluids 
with minimal abnormalities in the number 


Table iv 

SUMMARY OF CLINICAL AND LABORATORY DATA ON PATIENTS WITH SECONDARY SYPHILIS WHOSE BLOOD 


AND SPINAL FLUID WERE TESTED FOR INFECTIVITY IN RABBITS 


Case 

No. 

Sex 

Age 

Yr. 

Dura- 
tion of 
Infection 
Mo. 

Dura- 
tion of 
Second- 
ary Le- 
sions 
Wk. 

| Localization 

of Lesions 

Dark 

Field 

Exami- 

nation 

Previous 

Treatment 

Arsenical 

Injections 

No. 

Blood 

Serology 

Spinal Fluid 

Animal 

Inoculation 

Skin ' 

Hair 

Bone 

Cells 

cu.-mm. 

Protein 

WaR 
0.5 cc. 

C.M.- 

R- 

Blood 

Spinal 

Fluid 

, 

M 

32 

3 

2 

+ 

+ 


+ 


+ 

2 







+ 

+ 

2 

M 

30 

8 

8 

+ 

4- 

+ 

4- 

— 

+ 

34 

— 

— 

4- 

+ 

+ 


M 

19 

4 

12 

+ ! 


— 

+ 


+ 

0 

— 

— 


+ 

4- 

flog 

M 

20 

8 

12 

+ 


— 

+ 

2 (8 mo.) 

+ 

8 

4~ 

— 


mm 

4* 


M 

25 

7 

8 

+ 


+ 

+ 

— 

+ 

4 

— 

— 

B 


+ 


M 

43 

3 

8 

+ 


— 

+ 

— 

+ 

12 

— 

— 

BSte 

■9 

+ 


M 

27 

5 

2 

+ 


— 

N.E. 

— 

+ 

6 

— 

— 

■v-T. 

+ 

+ 


M 

31 

6 

8 

+ 


— 

N.E. 

1 (5 mo.) 

+ 

16 

+ 

— 

+ 

+ 

+ 


M 

32 

3 

6 

+ 


+ 

+ 

— 

+ 

4 

+ 

— 

— 

+ 

+ 


M 

31 

i 

1 

+ 



+ 

— 

+ 

2 

— 

— 

— 

4* 

— 


M 

33 

36 

8 

~h i 

+ 


+ 

3 (16 mo.) , 

+ 

4 

— 

— 

— 

+ 

— 

12 

M 

20 

3 

2 

4- 



4* 

— 

4- 

2 

— 

+ 

+ 

+ 

— 

13 

M 

22 

6 

2 

+ 



— 

— 

+ 

4 

— 

— 

~ 

+ 

— 

14 

M 

46 

6 

8 

4* 



+ 

— 

+ 


Bloody 


.. 

4* 

— 

15 

M 

23 

2 

? 

4" 



N.E. 

— 

+ 

1 

— 

— 

— 

t 

— 

16 

F 

20 

m 

2 

+ 



+ 

— 

+ 

2 

— 

— 

— 

+ 

— 

17 

M 

57 

2 

1 

4- 



— 

— 

+ 

1 

— 

— 

— 

+ 

— 

18 

M 

32 

2H 

2 

+ 



+ 

— 

+ 

4 

— 



+ 

— 

19 

M 

32 

3 

3 

+ 


+ 

N.E. 

1 (2 mo.) 

+ 

4 

4* 

— 

— 

+ 


20 

M 

21 

3 

4 

+ 


+ 

+ 

1 (2 mo.) 

+ 


Bloody 



+ 

— 

21 

M 

26 

3 

3 

+ 


+ 

+ 

2 (2 mo.) 

+ 

6 

+ 


— 

+ 

— 

22 

M 

24 

6 

4 

+ 

+ 

— 

+ 

— 

+ 

6 

— 

— 

— 

+ 


23 

M 

26 1 

2 

2 

+ 

— 

+ 

— 

— 

+ 

4 

— 

— 

— 

4- 


24 

M 

13 

5 

12 

+ 

+ 

— 

4- 

— 

+ 

0 

+ 

— 

— 

+ 

— 

25 

M 

29 

3 

2 

+ 


+ 

N.E. 

— 

+ 

7 

— 

— 

— 

4- 

— 

26 


20 

? 

8 

+ 

— 

— 

+ 

— 

+ 

0 

— 


— 

4" 

— 

27 


26 

2 

4 

+ 

_ 

— 

+ 

— 

+ 

9 

— 

— 

— 

+ 

— 

28 

F 

36 

7 

4 

+ 

— 

— 

4- 

— 

4- 

21 

— 

— 

— 

+ 

— 

29 

F 

51 

4 

8 

>+ 

— 

+ 

+ 

— 

+ 

14 

— 

— 

— 

4- 

— 

30 

M 1 

26 

3 

6 

+ 

— 

— 

+ 

— 

+ 

2 

“ 

— 

— 

4- 

— 

31 

M I 

36 

1 

■> 

+ 

— 

; — 

N.E. 

— 

+ 

4 

+ 

— 

+ 

+ 

— 

32 

M 

27 

4 

A 


— 

+ 

N.E. 

— 

4- 

0 

— 

— 

— 

4- 

— 

33 

F 

35 

10 

28 

+ 

— 


+ 

— 

+ 

4 

— 



4- 

— 

34 

F 

17 

•? 

8 

+ 

— 


i 4- 


+ 

0 

— 



4- 

— 

35 

M 

31 

1 

2 

+ 

— 



— 

+ 

0 

— 

— 

— 

4- 


36 

M 

16 

2 

4 

+ 

+ 


4- 

— 

+ 

2 

— 


— 

— 


37 

M 

19 

4 

8 

+ 

+ 



— 

+ 


Bloody 

.. 


— 

— 

38 

M 

20 

3 

8 

+ 

+ 

+ 

+ 

— 

+ 

4 

+ 

— 

— 

— 

— 

39 

M 

25 

2 

4 

+ 


+ 

+ 

— 

+ 

8 

+ 

N.D. 

N.D. 

— 

— 

40 

F 

20 

? 

7 



+ 

N.E. 

— 

+ 

4 

— 

N.D. 

N.D. 

— 

— 

41 

M 

22 

2 

2 



— 

+ 

— 

+ 

6 

— 

1^9 

— 

— 

— 

42 

M 

25 

1 

1 

+ 


— 

— 

— 

-f 

8 


ns 

— 

— 

— 

43 

M 

29 

4 

2 

+ 


+ 

— 

— 

4* 

4 

— 


~ 

— 

— 

44 

M 

27 

8 

2 


UBS! 

+ 

N.E. 

— 

+ 

4 

— 


— 


_ 

45 

F 

17 

? 

8 

+ 



+ 

— 

+ 

10 

~ 


— 

— 

— 

46 

M 

22 

12 

44 

+ 

■ 

■ 

4- 


+ 

0 

i 

■ 





'VaR » Wa^scrmann reaction (Kolmcr Tcclmic) with 0.5 cc. of spinal fluid. C.M.R. = Colloidal (urn rna.tic reaction. 

N.F.. = Nm examined. N.D. = No data. Under “Previous Treatment’’ the figures in parentheses show the number of months clap-mi; between 
treatment and animal inoculation. 


ten of the specimens did so. This would 
suggest that the experimental error was 
about 25 to 30 per cent. Assuming further 
that the same error would apply to the in- 
activity of the spinal fluid, the expected 
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of cells and in the content of protein that 
did not infect rabbits. 

This study offers no evidence as to the 
time after infection when invasion of the 
spinal fluid occurs. It is of interest, however, 
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tion (2 plus in 0.5 cc. of fluid). Cell counts 
above 10 per cu. mm. with or without an 
increase of protein or above 5 per cu. mm. 
with an increase of protein were considered 
abnormal. Five of the normal and four of 
the abnormal spinal fluids produced syphi- 
Table m 

DISTRIBUTION OF POSITIVE INOCULATIONS AND ABNORMAL 


SPINAL FLUIDS ACCORDING TO DURATION 
OF SECONDARY MANIFESTATIONS 
OF SYPHILIS IN PATIENTS 




Inoculations 

Status of Spinal Fluid 

of Sec- 
ondary 
Lesions 

Wk. 

Cases 

No. 

Blood 

Positive 

No. 

Spinal 

Fluid 

Positive 

No. 

Normal 

No. 

Abnor- 

mal 

No. 

Bloody 

No. 

1- 2 

15 

11 

2 

13 

2 

0 

3- 4 

9 

7 

0 

5 

3 

1 

5- 6 

2 

2 

1 

2 

0 

0 

7- 8 

13 

9 

4 

7 

4 

2 

9-10 

0 

0 

0 

0 

0 

0 

11-12 

2 

2 

2 

1 

1 

0 

13-14 

0 

0 

0 

0 

0 

0 

15-16 

1 

1 

0 

1 

0 

0 

17-18 

0 

0 

0 

0 

0 

0 

19-26 

0 

0 

0 

0 

0 

0 

27-28 

1 

1 

0 

1 

0 

0 

29- 

1 

0 

0 

2 

0 

0 

Unknown 

2 

2 

0 

1 

1 

0 

Total 

46 

35 

9 

32 

11 

3 


litic orchitis in rabbits. Among the infecti- 
ous abnormal fluids was the one showing 
the greatest deviation from normal. 

There was no significant correlation be- 
tween spinal fluids which were infectious 
for animals and any particular kind of 
clinical lesion. The nearest approach to such 
a relationship was in the patients with alo- 
pecia. There were ten cases of alopecia 
among the forty-six patients in the series. 
Four of the ten patients showing a loss of 
hair had infectious spinal fluids. In other 
words, 40 per cent of patients with alopecia 
and 13.8 per cent of those with no alopecia 
had fluids-which established an infection in 
rabbits. The difference of 26.2 per cent, 
however, is not statistically significant, 
being within the range of sampling error 



There has been one previous report on a 
study of the cerebrospinal fluid in syphilitic 
Chinese patients. The study was made dur- 


ing 1931 to 1932 by Pearce, Hu and Mu at 
the Peiping Union Medical College. 9 It is 
of interest to observe that in none of forty 
patients who were studied was the spinal 
fluid infectious in rabbits. Included in the 
number examined were ten patients with 
early active manifestations of syphilis who 
had never been treated for this disease. All 
had normal spinal fluids. There were also 
five patients in neurorelapse, three of whom 
showed an elevated cell count in the spinal 
fluid. The technic of inoculation, the size 
of the inoculum and the period over which 
the animals were observed conformed to the 
practice in the present study. Both studies 
were made in the same laboratory. On the 
basis of our experience one might have 
expected to find that two or three of the 
spinal fluids were infectious. 

Relative Infectivity of Blood and Spinal Fluid. 
From the results of the inoculations it is 
apparent that infection of the blood in early 
syphilis does not indicate infection of the 
spinal fluid. However, infection of the 
spinal fluid is accompanied by infection of 
the blood. At least this was true of all pa- 
tients in this study who had infectious spinal 
fluids. 

It is not to be assumed that the results of 
inoculation are absolute in their indication 
of the presence of organisms in either the 
blood or the spinal fluid. The relative proba- 
bility of infectivity of the blood and spinal 
fluid is unknown. Under optimal conditions 
one is inclined to believe that there arc 
probably more treponemes per unit volume 
in the blood than in the spinal fluid. The 
infectivity of these tissues in any case would 
depend primarily upon the number of or- 
ganisms present and upon the susceptibility 
of the rabbit to the first inoculation with 
organisms unaccustomed to the new host. 
It might be suspected that the blood of all 
patients in the active secondary stage of 
syphilis carries spirochetes although it is 
possible that the period of greatest infectivity 
precedes the appearance of metastatic 
lesions. 

If it is assumed that the blood of patients 
whose infection is not over two months 
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duration contains a reasonable number of 
organisms and is infectious, the blood of all 
fourteen patients in this study in this period 
of the disease should have produced syphilis 
in the inoculated rabbits. As it was only 


number of positive inoculations would be 
twelve, or 26 per cent, of all the tested 
fluids. This theoretical figure may not be 
too inaccurate since there were three fluids 
with minimal abnormalities in the number 


Table iv 

SUMMARY OF CLINICAL AND LABORATORY DATA ON PATIENTS WITH SECONDARY SYPHILIS WHOSE BLOOD 


AND SPINAL FLUID WERE TESTED FOR INFECTIVITY IN RABBITS 


Case 

No. 

Sex 

Age 

Yr. 

Dura- 
tion of 
Infection 
Mo. 

Dura- 
tion of 
Second- 
ary Le- 
sions 
Wk. 

Localization 
of Lesions 

Dark 

Field 

Exami- 

nation 

Previous 

Treatment 

Arsenical 

Injections 

No. 

Blood 

Serology 

Spinal Fluid 

Animal 

Inoculation 

Skin 

Hair 

Bone 

Cells 

cu.-ram. 

Protein 

WaR 
0.5 cc. 

C.M.- 

R. 

Blood 

Spinal 

Fluid 

1 

M 

32 

3 

2 

+ 

4- 


+ 



4 

2 



— 

4 

4- 

2 

M 

30 

8 

8 

+ 

4 

+ 

+ 

— 

4* 

34 

— 

— 

4 

4 

4 

3 

M 

19 

4 

12 

+ 

— 

— 

4- 

— 

4 

0 

— 

— 

— 

4 

4 

4 

M 

20 

8 

12 

+ 

4- 

— 

+ 

2 (8 mo.) 

4* 

8 

4- 

— 

— 

4* 

4 

5 

M 

25 

7 

8 

+ 

+ 

+ 

+ 

— 

4* 

4 

— 



+ 

4 

6 

M 

43 

3 

8 

+ 

— 

— 

+ 

— 

4- 

12 




4- 

4 

7 

M 

27 

5 

2 

+ 

— 

— 

N.E. 

— 

4* 

6 

— 

— 


4- 

4- 

8 

M 

31 

6 

8 

+ 

— 

— 

N.E. 

1 (5 mo.) 

4- 

16 

4- 

— 

4- 

4- 

+ 

9 

M 

32 

3 

6 

+ 

— 

+ 

+ 

— 

4- 

4 

4- 


~ 

4- 

+ 

10 

M 

31 

1 

1 

4 

— 

— 

4- 

— 

+ 

2 

— 

— 


4* 

— 

11 

M 

33 

36 

8 

+ 

+ 

— 

4- 

3 (16 mo.) 

4- 

4 

— 

— 


4- 

— 

12 

M 

20 

3 

2 

+ 

— 

— 

4- 

— 

4- 

2 

— 

4- 

+ 

4- 

— 

13 

M 

22 

6 

2 

+ 

~ 

— 

— 

— 

4- 

4 

— 

— 

~ 

4- 

— 

14 

M 

46 

6 

8 

+ 

— 

— 

4' 

— 

4* 


Bloody 

. . 


4- 

— 

15 

M 

23 

2 

? 

4* 

— 

— 

N.E. 

— 

4- 

1 

— 

— 

— 

4- 

— 

16 

F 

20 

m 

2 

4- 

— 

— 

4- 

— 

4- 

2 

— 

— 

— 

4* 

~ 

17 

M 

57 

2 

1 

+ 

— 

— 


— 

4- 

1 

— 

— 

~ 

t 


18 

M 

32 

2 M 

2 

4- 

— 

— 

4- 

— 

4- 

4 

— 

— 

~ 

4- 


19 

M 

32 

3 

3 

4- 

— 

+ 

N.E. 

1 (2 mo.) 

4- 

4 

4 

— 

— 

+ 


20 

M 

21 

3 

4 

4- 

— 

+ 

4- 

1 (2 mo.) 

4- 


Bloody 


. , 

4- 

— 

21 

M 

26 

3 

3 

+ 

— 

+ 

4- 

2 (2 mo.) 

4- 

6 

4- 


— 

4- 

— 

22 

M 

24 

6 

4 

4~ 

+ 

— 

4- 


4- 

6 


— 

— 

+ 

— 

23 

M 

26 

2 

2 

4* 

— 

+ 


— 

4- 

4 

— 

— 

— 

4 

— 

24 

M 

13 

5 

12 

+ 

+ 

— 

.4- 

— 

4- 

0 

4- 

— 

— 

-4 

— 

25 

M 

29 

3 

2 

4- 


4 

N.E. 

— 

4- 

7 

— 

— 

— 

+ 

— 

26 

F 

20 

? 

8 

+ 


— 

4- 

— 

4- 

0 

— 

— 

— 

+ 

— 

27 

M 

26 

2 

4 

4- 

— 

— 

4- 

— 

4 

9 

— 

— ' 

— 

4- 

— 

28 

F 

36 

7 

4 

+ 


— 

4- 

— 

4 

21 

— 

— 

— 

4 

— 

29 

F 

51 

4 

8 


— 

4- 

4- 


+ 

14 


— 

— 

4 

— 

30 

M 

26 

3 

6 

4 

— 

— 

4- 

— 

4- 

2 

— 

— 

— 

4 

— 

3! 

M 

36 

i 

? 

+ 

— 

— 

N.E. 

— 

4- 

4 

4- 

— 

4- 

4 

— 

32 

M 

27 

4 

4 

+ 

— 

4- 

N.E. 

— 

4- 

0 

— 

— 

— 

4 

— 

33 

F 

35 

10 

28 

+ 

— 

— 

4- 

— 

4- 

4 



— 

+ 

— 

34 

F 

17 

? 

8 

+ 

— 

— 

4- 

— 

4- 

0 



— 

+ 

— 

35 

M 

31 

1 

2 

+ 


— 


— 

4- 

0 

— 

— 

— 

+ 

— 

36 

M 

16 

2 

4 

+ 

+ 

— 

4- 

— 

4- 

2 

— 

— 

— 


— 

37 

M 

19 

4 

8 

+ 

+ 

— 

— 

— 

4- 


Bloody 



— 

— 

38 

M 

20 

3 

8 

+ 

+ 

4- 

4- 

— 

4- 

4 

4- 

— 

— 

— 

— 

39 

M 

25 

2 

4 

+ 

— 

+ 

4- 

— 

4- 

8 

4- 

N.D. 

N.D. 

— 

— 


F 

20 

? 

7 

— 

— 

+ 

N.E. 


4- 

4 

— 

N.D. 

N.D. 

__ 

— 

41 

M 

22 

2 

2 


— 

_ 

4- 

— 

4- 

6 

— 

_ 



— 



42 

M 

25 

1 

1 

+ 


— 


— 

4- 

8 

4- 

_ 






43 

M 

29 

4 

2 

+ 

— 

+ 

— 

— 

4- 

4 


— 

— 





M 

27 

8 

2 


— 

+ 

N.E. 

— 

4- 

4 

— 








45 

F 

17 

? 

8 

+ 

— 


4- 

— 

4- 

10 

— 









M 

22 

12 

44 

+ 



4- 


4- 

0 



" 

" 



T _ Basserraann reaction (Kolmer Technic) with 0.5 cc. of spinal fluid. C.M.R. = Colloidal gum mastic reaction. 

~ , ot ^' xarmn ed. N.D. = No data. Under “Previous Treatment” the figures in parentheses show the number of months elapsing between 
and animal ° 
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suggest that the experimental error was 
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did not infect rabbits. 
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time after infection when invasion of the 
spinal fluid occurs. It is of interest, however, 
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that none of the fourteen patients with in- 
fections of less than three months’ duration 
had spinal fluid which was infectious in the 
rabbit while four of fifteen patients with 
infections of from three to four months’ 
duration had infectious fluids. 

It is to be observed in Table hi that in two 
patients with secondary manifestations of 
not over two weeks’ duration the spinal fluid 
was found to contain virulent organisms. 

SUMMARY 

The blood and cerebrospinal fluid of 
forty-six Chinese patients in the active 
secondary stage of syphilis were inoculated 
into rabbits. The blood proved to be infec- 
tious in thirty-five, or 76.1 per cent, and the 
spinal fluid in nine, or 19.6 per cent, of the 
cases. There was no correlation between a 
particular clinical lesion and infectivity of 
the spinal fluid although the frequency of 
positive inoculations in patients with alo- 
pecia approached statistical significance. 
(Table iv.) 

No organisms were isolated from the 
spinal fluid of patients whose infections were 
of less than three months’ duration. All 


patients with infectious spinal fluids also 
had virulent organisms in their blood. 
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Penicillin in Oil and Beeswax in the 
Treatment of Syphilis in Clinic Patients 

Henry Eisenberg, m.d. and Frederick Plotke, m.d. 

Chicago , Illinois 


T he successful treatment of syphilis 
within the last thirty-five years 
has been greatly hampered by the 
fact that the various drugs used had to be 
given over a period of many months in 
order to be effective. A great proportion of 
patients lapsed from this type of prolonged 
treatment before any therapeutic effects 
were ever obtained. In Kampmeier’s book, 
“Essentials of Syphilology,” Alvin E. Keller 
states that “only 20 to 30 per cent of all 
patients receiving anti-syphilitic treatment 
received as many as 20 injections of an 
arsenical preparation and 20 injections of 
a heavy metal.” This fact has been con- 
firmed by various other authors. 


study was begun in February, 1947, and 
was first intended to include only untreated 
or insufficiently treated late latent syphilis 
cases. However, soon after the study was 
started other types of syphilis such as early 
latent syphilis, asymptomatic and sympto- 
matic neurosyphilis without frank psycho- 
sis, cardiovascular syphilis, congenital syphi- 
lis, syphilis in pregnancy and even a number 
of early infectious cases were included in 
this study. The latter group consisted of 
patients who were unable for various 
reasons to enter the hospital for intensive 
therapy. All patients placed on penicillin 
therapy from February, 1947, to February, 
1948, are included in this report. This group 


Ever since penicillin was accepted as an 
efficient and the least toxic of all anti- 
syphilitic agents, it has been the aim of 
syphilologists to develop an effective wholly 
ambulatory treatment schedule. A step 
forward in this direction was made when 
Romansky’s formula became available, 
ensuring therapeutic levels in the vast 
majority of patients for at least a twenty- 
four-hour period following a single injection 
of 300,000 units of POB. This method of 
administering penicillin has proved to be 
of considerable value, particularly to com- 
munities where intensive treatment centers 
or other public health facilities are not 
readily available. 

The Clinic Section of the Chicago 
enereal Disease Control Program under- 
oo • to determine the cooperativeness of 
c ln |c patients in completing a short term 
met iod of treatment with penicillin in oil 


of patients constitutes approximately 30 per 
cent of all types of syphilis cases diagnosed 
by the Chicago Health Department clinics. 

In the beginning of the study of late 
latent syphilis, patients who either had no 
treatment or less than twenty arsenicals and 
twenty bismuth injections were included 
in the series. After a personal interview with 
the caseworker, who pointed out the ad- 
vantages of this new treatment schedule 
and the importance of regular attendance, 
the patients received daily injections of 

450.000 units of penicillin in oil and beeswax 
over a period of ten treatment days (omit- 
ting Saturdays and Sundays), a total of 

4.500.000 units. Exceptions: (1) the treat- 
ment schedule for group 2 and group 3 
spinal fluid changes in neurosyphilis, as 
defined by J. E. Moore in his book, “The 
Modern Treatment of Syphilis” (1947 
edition), was increased to fifteen treatment 
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with cardiovascular syphilis were treated 
with 100,000 units per day for three days, 
increased to 200,000 units on the fourth 
and fifth treatment days and to 300,000 
units from the sixth to the fifteenth day. 


the clinics are of the late latent type. Neuro- 
syphilis is the next largest group in this study 
with 24.9 per cent. This group constitutes 
only 3 per cent of the total syphilitic cases 
diagnosed during 1947. It is of interest to 


Table i 

SYPHILIS PATIENTS UNDER TREATMENT WITH PENICILLIN IN OIL AND BEESWAX 


Diagnosis 

Total 

Male 

Female 

No. 

Per 

Cent 

White 

: .1 

Total 

Per 

Cent 

White 

Color- 

ed 

Total 

Per 

Cent 

Primary syphilis 

4 



2 

4 

H 




0.0 

Secondary syphilis 

2 



1 

1 

MM 


i 

1 

0.2 

Early latent syphilis 

12 



3 

5 

1.2 

1 

6 

7 

1.4 

Late latent syphilis 

596 

59.6 

54 

228 

282 

58.4 

27 

287 

•314 

60.7 

Neurosyphilis 

249 

24.9 

58 

108 

166 

34.4 

35 

48 

83 

16.0 

Cardiovascular syphilis 

12 

1.2 

1 

5 

6 

1.2 


6 

6 

1.2 

Congenital syphilis 

32 

3.2 

2 

17 

19 

3.9 

1 

12 

13 

2.5 

‘Syphilis complicated by pregnancy 

93 

9.3 


. . 



1 

92 

93 

18.0 

Total 



119 

364 

483 

100.0 

65 

452 

517 

100.0 


* Early latent syphilis 50 

Late latent syphilis 34 

Cardiovascular syphilis 1 

Congenital syphilis 8 

Total 93 


All patients were instructed to return 
daily for their prescribed treatment except 
on Saturdays and Sundays but they were 
permitted to lapse for two days between 
treatment days before the lapse was con- 
sidered permanent. Patients who attended 
the clinic three or more times a week, 
completing ten injections within twenty-one 
days, were considered in this study to have 
completed their treatment satisfactorily. If 
a patient lapsed for more than two days 
between treatment, he was re-instituted on 
the prescribed treatment schedule. 

A statistical tabulation of 1,000 patients 
so treated with penicillin in oil and beeswax 
on an ambulator}" basis is herewith pre- 
sented. Table i shows a classification of cases 
into the various types of syphilis. The largest 
group constitutes late latent syphilis with 
59.6 per cent of all patients although only 
23 per cent of all syphilis cases diagnosed in 


note that in the group of 1,000 patients 
there is a slightly larger proportion of 
female patients, namely, 51.7 per cent, 
while in the total group of diagnosed 
syphilis cases we have approximately 47 per 
cent of female patients. This, however, is 
not a significant difference. 

In both the cases of this study and the 
total number of syphilis cases diagnosed in 
the clinics during 1947, approximately 
18 per cent were white. 

A breakdown in age groups of all patients 
in this study is shown in Table H. The 
median age of the syphilis patients treated 
with POB is thirty-eight years, while the 
median age of all syphilis patients diag- 
nosed is twenty-five years of age. We find, 
therefore, that the color and sex rate in 
this study group and in the total group of 
patients diagnosed during the study period 
show no appreciable difference. The dis- 

i. o f m i: n i c; i N F. 
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Syphilis Therapy in Clinic 

crepancy in the median age between these 
two groups is explained by selection of the 
latent syphilis cases for this study. 

As shown in Table in, of a total of 1,000 
patients 859 or 85.9 per cent completed 
their prescribed treatment, and 141 patients 

Tabi 

SYPHILIS PATIENTS TREATED WITH 


Patients — Eisenberg, Plotke 451 

In reviewing the charts of those patients 
who lapsed at one time or another, it was 
found that the reasons of their lapsing were 
given as follows: seventeen patients ex- 
perienced a severe rash, eleven complained 
of sore hips; among the remaining 185 

E- 11 

PENICILLIN IN OIL AND BEESWAX 


Age Groups — Y ears 


Diagnosis 

2-9 

10-19 

20-29 

30-39 

40-49 

50-55 

Over 

55 

Total 


0 


3 

1 

0 

0 

0 

4 


0 

SwH 

1 

1 

0 

0 

0 

2 


0 

1 

6 

4 

1 

0 

0 

12 


0 


90 

244 

174 

63 

25 

596 

Neurosyphilis 

0 


30 

65 

92 

39 

23 

249 


0 1 


1 

3 

4 

3 

1 

12 

Congenital syphilis 

1 

24 

6 

0 

1 

0 

0 

32 


0 

4 

55 

33 1 

1 

0 

0 

93 




Total (all forms by age groups) 

mm 

29 

192 

351 

273 

105 

49 

1,000 


■K 


Table iii 

SYPHILIS PATIENTS PLACED UNDER TREATMENT AND COMPLETING PRESCRIBED TREATMENT SCHEDULE, 
CLASSIFIED ACCORDING TO SEX AND TYPE OF SCHEDULE* 



Total 

1 

Ten-day Schedule 

Fifteen-day Schedule 


Placed 

Completed 

If 

Per Cent 

Placed 

Completed 

If 

Per Cent 

Placed 

Completed 

If 



under 

If 

Completed 

If 

under 

If 

Completed 

If 

j 

under 

If 

Completed 

If 

Male 


406 

84.1 

334 

281 

84.1 

149 


83.9 

Female. . . 


453 

87.6 

433 

386 

89.1 

84 


79.8 

Total.. . 

1,000 

859 . 

85.9 

767 1 

667 

87.0 

233 

192 

82.4 


Includes reinstatements after lapse to first regimen. 


discontinued for various reasons. There 
wcie 767 patients on the ten-injection-day 
schedule, of whom 87.0 per cent completed 
t ie course and 233 on the fifteen-injection- 
ay regimen, of whom 82.4 per cent finished 
dieir prescribed course. Although 141 pa- 
t'ents failed to complete treatment, there 
"ere 213 patients who lapsed from the first 
regimen. However, seventy-two of the 
C 'S rty-eight patients (81.8 per cent) were 
reinstated and finished a new treatment 
course. 


patients there were sixty patients who gave 
intercurrent personal or familial illness as 
the reason for discontinuance of treatment, 
while 125 patients disappeared without 
indicating the cause. 

SUMMARY AND CONCLUSIONS 

1 . The clinic attendance of 1,000 syphilitic 
patients placed on an ambulatory ten- or 
fifteen-day-treatment schedule of penicillin 
in oil and beeswax is recorded. 

2. Eighty-five and nine-tenths per cent 
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of all patients completed their prescribed 
treatment regimen; divided according to 
the two different treatment schedules em- 
ployed, 87.0 per cent completed their ten- 
injection-day regimen and 82.4 per cent 
completed their fifteen-day schedule. 

3. Twenty-eight patients discontinued 
or lapsed treatment because of local or 
allergic manifestations and sixty patients 
failed to complete treatment because of 
intercurrent illnesses either personal or 
within their families; 125 patients disap- 


peared from observation for unknown 
reasons. 

4. This form of therapy is far superior 
as regards clinic attendance compared with 
the 30.0 per cent attendance recorded for 
long-term chemotherapy. 

The authors wish to acknowledge their indebt- 
edness to Dr. Herman N. Bundesen, President 
of the Chicago Board of Health and to Theo- 
dore J. Bauer, Senior Surgeon, U.S.P.H.S., Vene- 
real Disease Control Officer, Chicago Health 
Department. 
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Auricular Flutter in Association with 
Myocardial Infarction* 

Its Prognosis and Management 

John Martin Askey, m.d. 

Los Angeles, California 


a uricular flutter is an arrhythmia 
/\ rarely encountered in association 
I with myocardial infarction. It was 

found in 3 (1 per cent) of 300 patients 
reported by Master 1 and in 5 of 208 patients 
(2.5 per cent) in Rosenbaum and Levine’s 3 
series. Recently Chambers 2 recorded three 
instances in one hundred patients with 
myocardial infarction. Among 1,247 pa- 
tients studied at the Los Angeles County 
Hospital it was discovered in nineteen 
instances (1.5 per cent). In the same group 
auricular fibrillation was found in eighty- 
four instances (7.7 per cent). The burden 
imposed by auricular flutter ordinarily 
depends upon the concomitant state of the 
heart itself as well as the nature of the 
flutter. TheTaster'the ventricular rate and 
the longer .the persistence of the tachy- 
cardia, the c greater the burden and the 
greater the hazard. In association with the 
acute cardiac damage of myocardial in- 
farction, auricular flutter with tachycardia 
should constitute a serious handicap. 

These nineteen cases represent the ma- 
terial used in this study. We were conce'rned 
chiefly with the prognostic importance of 
auricular flutter and its management. We 
have analyzed this series with these two 
considerations particularly in mind. 

Mortality. Twelve of the nineteen pa- 
tients (63 per cent) died during the period 
0 hospitalization. The mortality of the 
" 1Q lc group of 1,247 patients was 51.5 per 
cent. Of the twelve patients who died, in 


eight the auricular flutter persisted until 
death, seven with a ventricular rate of 140 
or more. (Table i.) The majority (five of 
the eight) died within twenty-four hours of 
the onset, with ventricular rates over 140. 
One died two days, one four days and one 


Table i 

TYPE OF DEATH IN EIGHT PATIENTS WITH AURICULAR 
FLUTTER AND MYOCARDIAL INFARCTION 


Cause of Death 

Ventricular 

Rate 

Comments 

Acute congestive failure . 

1 50 for 4 days 
120 for 2 days 

150 for 1 day 
160 for 1 day 

140 for 5 days 
142 for 1 day 

140 for 1 day 
140 for 1 day 

Previous infarction 

Previous infarct, intraven- 
tricular block 

Previous infarct 

Previous infarct, intraven- 
tricular block 
“Enlarged heart” before 
Intraventricular block, an- 
gina before attack 



Acute congestive failure. 
Acute congestive failure . 

Acute left ventricular 

Acute congestive failure . 


five days after the onset. Five of the eight 
deaths were attributed to acute congestive 
failure, three were sudden deaths pre- 
sumably due to a fatal ectopic ventricular 
rhythm. There is little doubt that the per- 
sisting rapid ventricular rate was the 
immediate cause of death in these patients. 
Among the four patients who died despite 
a return to normal rhythm the causes of 
death were as follows: (1) Acute congestive 
failure. In one patient the ventricular rate 
had remained at 160 for fourteen days 
before the return to normal rhythm. The 
prolonged tachycardia induced death even 
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though sinus rhythm returned. (2) Sudden 
death. One patient died suddenly eight 
days after a return to normal rhythm. The 
auricular flutter had lasted only one day 
and was associated with a normal ventricu- 
lar rate. It probably did not influence the 


Table ii 

RESPONSE TO MEDICATION IN AURICULAR FLUTTER 
ASSOCIATED WITH MYOCARDIAL INFARCTION 


Medication 

No. of 
Patients 

No. Returning to 
Normal Rhythm 

No medication 

8 

5 

Digitalis and quinidine. 

4 

2 

Digitalis alone 

5 

2 

Quinidine alone 

2 

2 


death. (3) Pneumonitis. One patient died 
of supposed pneumonia; auricular flutter 
with a ventricular rate of 120 had lasted 
two days. This patient had had a previous 
myocardial infarction three years before. 
The auricular flutter can be implicated as a 
contributory cause of death. (4) Myocardial 
infarction. The fourth patient died of a 
second infarct. The auricular flutter had 
occurred twice, disappearing each time 
within twenty-four hours. It apparently 
was of negligible importance in the cause 
of death, merely reflecting the severe cardiac 
damage. From these data it would appear 
that auricular flutter was responsible for 
at least nine of the twelve deaths due to the 
burden of the associated tachycardia. Death 
in the other three patients probably would 
have occurred even if auricular flutter had 
not been present. 

Persistence of the Auricular Flutter. In eight 
patients arrhythmia persisted; in eleven 
patients it disappeared. 

Correlation of Mortality with Persistence of 
the Auricular Flutter. All of the eight pa- 
tients with persistence of the auricular 
flutter died. Of the eleven patients in whom 
the arrhythmia disappeared four died 
(36.3 per cent), seven lived. 

Correlation of the Ventricular Rale with 
Mortality. Of the thirteen patients with 
ventricular rates of 120 or more eleven 
died (85.7 per cent). Of the six with a 


ventricular - rate of 1 00 or less one died 
(16.6 per cent). 

Correlation of Ventricular Rate with Subse- 
quent Persistence or Disappearance of the Arrhyth- 
mia. Only five of the thirteen with ventri- 
cular rates over 120 returned to normal 
rhythm. Of six with ventricular rates below 
100 all returned to normal rhythm. 

Correlation of Persistence with the Severity of 
the Heart Disease. Of the eight patients 
with persistence of arrhythmia five gave a 
history suggestive of previous infarction. 
This was confirmed in four necropsies 
obtained in the eight patients. A sixth 
patient had had a previously enlarged heart. 
Six (or 75 per cent) gave, therefore, a 
history of previous heart trouble. Of the 
eleven in whom the arrhythmia disappeared 
only four (33.3 per cent) gave histories of 
previous cardiovascular disease. 

RESPONSE OF AURICULAR FLUTTER 
TO DIFFERENT TREATMENT 

Response of the auricular flutter to 
varying treatment is shown in Table ii. 
Few deductions are justified from the data 
because dosage of the drugs was not opti- 
mum. Among the five patients given both 
digitalis and quinidine the dosage varied 
considerably and probably was not ade- 
quate for both of the drugs. In only three 
patients was the dosage sufficient to justify 
an analysis of the response. Of the five 
patients given digitalis alone in only two 
was the dosage adequate. In only one of 
these patients did the rhythm return to 
normal. In the two patients given quinidine 
alone the return to normal rhythm might 
easily have been spontaneous. The dosage, 
of quinidine was not optimum. 

CASE REPORTS 

Case No. 707069. A man, aged seventy-five 
with no preceding cardiovascular history, had 
an attack of chest pain March 5, 1940. An 
electrocardiogram March 6, 1940, revealed the 
pattern of anterior infarction. The following 
day auricular flutter with a ventricular rate of 
160 developed. Digitalis (powdered leaf pills) 
was given in successive daily doses of 13J4 gr., 
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6 gr., 3 gr. and then IK gr. daily. There was 
no change in the auricular flutter for eleven days, 
from March 7, 1940 to March 18, 1940. Quini- 
dine was then given in doses varying from 40 to 
54 gr. daily. Sinus rhythm returned four days 
later, on March 22, 1940, but the patient died 
the same day of acute left ventricular failure. 

This illustrates the difficulty at times of 
affecting auricular flutter at all. It illus- 
trates also the difficulty of affecting some 
patients quickly even with large doses of 
digitalis and quinidine. This patient had a 
ventricular rate of 1 60 from March 7, 1 940 
to March 21, 1940 (fourteen days). Un- 
doubtedly this tachycardia was the cause 
of death. In retrospect, we could wish that 
quinidine had been given sooner. Had it 
been started on the first day the ventricular 
rate possibly could have been controlled 
sooner. 

Case No. 819627. A man, aged seventy-two 
with previous known hypertensive cardio- 
vascular disease, was admitted October 6, 1941, 
with a history of myocardial infarction occur- 
ring three weeks before. The electrocardiogram 
confirmed this diagnosis and showed auricular 
flutter, with a ventricular rate of 150 and 2: 1 
auriculoventricular block. Lanatoside C was 
given intravenously (4 cc. of cedilanid). Two 
days later there was normal rhythm. On October 
10, 1941, digitalis by mouth, (1 K gr- of pow- 
dered leaf) was started daily and also quinidine 
in 6-gr. doses four times daily. Five days later, 
October 15, 1941, despite this medication, im- 
pure auricular flutter appeared. Digitalis was 
increased to 1 K gr. four times daily and quini- 
dine was continued 3 gr. four times daily. 
The next day normal rhythm returned and 
continued for one month at which time the 
patient developed a second infarct with an 
electrocardiographic pattern of a posterior 
csion. He died suddenly the same day. Therapy 
°r the flutter, however, may be considered 
satisfactory in this case inasmuch as death was 
not ascribed to the arrhythmia. 

Auricular Flutter and Complete Auriculo- 
icnlnctilar Block in Association with Myocardial 
nfarction. The simultaneous occurrence 
° au p c ular flutter and complete auriculo- 
v entricular block in any heart condition is 
unusual. (Table m.) Jourdonais and Mosen- 
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thal 4 reviewed the twenty-nine reports in 
the literature of auricular flutter associated 
with complete auriculoventricular block 
and recorded another instance. Nearly all 
patients were middle-aged men with arterio- 
sclerotic heart disease. .DeMoura 5 recently 
recorded an instance in a thirty year old 
male with rheumatic heart disease. The 
.flutter and complete block persisted until 
death. No necropsy was obtained. De 
Gregorio and Crawford 6 recorded two more 
instances, one patient had suffered a 
recent coronary occlusion. Gray and Green- 
field 7 reported another case but the necropsy 
revealed no recent infarction. Miller and 
Perelman 8 described a patient with myo- 
cardial infarction three years before who 
developed auricular flutter and complete 
auriculo-ventricular block. Katz 9 shows a 
tracing of this condition in his book. We 
wish to describe a patient in whom auricular 
flutter and complete auriculoventricular 
block with the Stokes-Adams syndrome oc- 
curred coincident withmyocardial infarction . 

Case No. 753017. Mr. H. K., eighty-two 
years old, was admitted May 29, 1941. He 
had awakened at 5 a.m. very short of breath 
but with no pain. Physical examination re- 
vealed an old man acutely dyspneic and cyano- 
tic, passing into a state of stupor for a short time 
and then becoming mentally clear. There were 
occasional mild convulsive movements. The 
blood pressure was 100 systolic, 60 diastolic. 
The heart sounds were weak, irregular, with a 
rate of 30 to 40. An electrocardiogram taken 
on two occasions, on May 29, 1941, showed 
auricular flutter and auriculoventricular dis- 
sociation. The patient continued to suffer severe 
convulsive seizures with bradycardia. At times 
the heart rate would change suddenly to 100. 
He was given % gr. of ephedrine sulfate every 
four hours day and night from May 29, 1941 
to June 2, 1941, and adrenalin, 10 minims, 
hypodermically for the acute attacks of Stokes- 
Adams seizures. On June 2, 1941, normal sinus 
rhythm had returned. There was no return of 
auricular flutter or heart block. The further 
course was uneventful. He was discharged on 
June 26, 1941. He was seen at the orthopedic 
clinic for an injured leg on September 16, 
1941, and had no medical complaints. The 
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ventricular block is absent show that the 
condition exists. In the thirty-six records 
in the literature the QRS complexes were 
widened in ten instances. An interesting 
feature in several instances was an apparent 
reversal at times of the bundle branch block 
patterns. 

AURICULAR FIBRILLATION VERSUS AURICULAR 
FLUTTER IN MYOCARDIAL INFARCTION 

A comparison of the varying effect of 
auricular fibrillation and auricular flutter 
as a complication of myocardial infarction 
is of interest. The two arrhythmias have 
much in common in their relationship to 
myocardial infarction, even as they have 
in relation to other types of heart disease. 
They usually are a reflection of serious heart 
damage. If they occur with myocardial 
infarction, usually they indicate the exist- 
ence of previous cardiovascular disease. 
In the group of eighty-four patients with 
auricular fibrillation discovered in the 
whole group of 1,247, fifty-eight (69 per 
cent) gave signs or symptoms of previous 
cardiovascular disease. In the group of 
nineteen with auricular flutter there were 
eleven (58 per cent). In both groups the 
majority of those in whom the arrhythmia 
persisted had either a history or necropsy 
evidence of previous infarction. The rela- 
tion of the time of onset of the arrhythmia 
to the time of the attack was interesting and 
varied in the two arrhythmias. Whereas 
auricular fibrillation occurred in a large 
percentage at approximately the same time 
as the attack (forty-nine of eighty-four 
patients), auricular flutter occurred after 
the attack in all patients, in the majority 
s>x days or more after the attack. 

The difference in the incidence of em- 
hohsm was interesting but not unexpected. 

jercas among those with auricular fibril- 
ation there was a high percentage of 
pu nionary and systemic embolism, no 
c 'f§ n psis of embolism was made as a com- 
P 'cation of auricular flutter. This is in 
‘ccping with what is observed in arrhyth- 

v; a ^ C ,? m P Iicat5n g other heart conditions. 
1 Cl dhn and Bellet 10 commented on the 
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low incidence of embolism accompanying 
auricular flutter in general and stated that 
“the weight of evidence indicates that 
embolism rarely if ever occurs during 
flutter.” The mortality associated with both 
arrhythmias, if persistent, was very high. 
Four of fifty-five patients survived, however, 
in the group which had persistent auricular 
fibrillation with myocardial infarction. All 
those patients with persistent auricular 
flutter died. 

COMMENTS 

Deductions derived from a small number 
of observations must be cautiously inter- 
preted. The errors of statistical evaluation 
of small groups are illustrated in several 
instances in this study. For instance, of six 
patients with auricular flutter with a 
ventricular rate of 100 or less, only one 
died (16.6 percent). Erroneously, therefore, 
it might be considered a good prognostic 
omen if auricular flutter with a ventricular 
rate under 100 complicated myocardial 
infarction since the mortality of the whole 
group of 1,247 was 51.5 per cent. This 
inference is obviously untenable. The 
deductions in this group that would suggest 
themselves as probably applicable in gen- 
eral are little more than corroborative of 
prevalent clinical opinion. Auricular flutter 
is a known concomitant of serious heart 
disease in general; it is of similar significance 
in myocardial infarction. The hazard of 
the arrhythmia is in general proportional 
to the rate and duration of the associated 
tachycardia. This is apparently true in 
relation to myocardial infarction. The three 
patients with auricular flutter in Chambers’ 2 
report all recovered. Sinus rhythm returned 
in all three and in two without medication. 
The third patient received digitalis. In one 
the auriculoventricular block was 4:1 with 
a slow ventricular rate, and in a second the 
auricular flutter returned to sinus rhythm 
the second day; so the rate in one was slow 
and the duration of the tachycardia in the 
other was short. 

In general there usually is little hazard of 
embolism if auricular flutter occurs. It 
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would appear that this is true in myocardial 
infarction. The treatment of auricular 
flutter is its elimination, with return to 
normal rhythm, by the use of digitalis and 
quinidine. This would seem to hold also 
in the management of auricular flutter in 
association with myocardial infarction. Mc- 
Millan and Bellet 10 stress the urgent need 
for abolishing flutter in certain cases of 
severe cardiac failure not associated with 
myocardial infarction. In certain instances 
they have given massive doses of digitalis 
and quinidine in view of the relative risk 
of the disease and of the drugs. Certainly in 
the instances of myocardial infarction with 
tachycardia due to auricular flutter reported 
in this study quick termination of the arrhy- 
thmia was an urgent need. Optimum doses 
of digitalis and quinidine should have been 
administered early in practically all in- 
stances. Digitalization can be rapidly ac- 
complished by use of oral glycosides if the 
patient is not vomiting. Otherwise, intra- 
venous lanatoside C may be utilized. Only 
in patients with a normal ventricular rate 
without congestive heart failure would 
medication seem unnecessary under these 
conditions. In such instances there is rela- 
tively little burden imposed upon the heart. 
The six patients with ventricular rates below 
100 all returned to normal rhythm, three of 
them with no drug treatment and five of 
the six lived. 

Tandowsky 11 advocates use of quinidine 
after the auricular flutter has been con- 
verted into auricular fibrillation. He agrees, 
however,* that in the presence of myo- 
cardial infarction it is probably desirable 
to give both drugs simultaneously. There 
is the possibility that digitalis, if given alone, 
may produce ectopic ventricular rhythms 
which quinidine can prevent. 

The experience described has suggested 
a program for future medication. The 
appearance of auricular flutter with tachy- 
cardia as a complication of myocardial 
infarction will be considered as requiring 
emergency treatment; the urgency of the 
need for termination of the tachycardia 

* Personal communication. 


being indicated by the fact that five patients 
died within twenty-four hours of the onset. 
Patients with auricular flutter with a nor- 
mal ventricular rate without congestive 
failure will receive no medication. Rapid 
digitalization with a potent glycoside, such 
as digitoxin, and simultaneous administra- 
tion of quinidine will be the program. Our 
practice is to give six tablets of digitoxin 
(1.2 mg.) at once and quinidine, 6 gr., 
every two hours until the arrhythmia is 
abolished. Digitoxin is continued in 0.2 mg. 
doses daily. In case the patient is unable to 
take medication orally lanatoside C may 
be given intravenously, 4 cc. at once, to be 
repeated in a few hours. Parenteral quini- 
dine prepared according to the formula of 
Sturnick et al. 12 can be used. This is an 
effective method and the problem of 
absorption is eliminated. We intend not to 
discontinue quinidine because of rash, 
nausea without vomiting, headache or 
dizziness; these are of minor importance in 
relation to the danger of continuance of the 
auricular flutter. 

CONCLUSIONS 

1. Auricular flutter occurred in 19 of 
1,247 patients with myocardial infarction 
studied at the Los Angeles County Hospital. 

2. When associated with rapid ventricu- 
lar rate, the arrhythmia constituted a 
serious hazard resulting in death in all cases 
in which it did not terminate soon. 

3. A program of management is sug- 
gested. 
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Review 


The Role of Tonsillectomy in the Manage- 
ment of Recurrent Streptococcal Sore 
Throat, Rheumatic Fever and 
Glomerulonephritis* 

Max Michael, Jr., m.d. 

Atlanta , Georgia 


T he concept that foci of infection 
frequently cause or influence the 
course of systemic disease, as pro- 
pounded by Billings and others, has been 
questioned in recent years. Reimann and 
Havens pointed out the fallacies in the 
original reasoning and concluded that care- 
ful examination of the evidence failed to 
reveal good therapeutic results from removal 
of chronically infected teeth and tonsils for 
such diseases as rheumatoid arthritis, pep- 
tic ulcer, ulcerative colitis and the like . 21 
Cecil, previously one of the chief propo- 
nents of the concept, has since concluded 
that the ideas originally brought forth no 
longer can be held . 4 Irons, on the other 
hand, has recently defended the teachings 
of Billings and maintains that in cases of 
iritis and in certain types of infectious 
arthritis the removal of such foci often 
benefits the patient . 10 

Closely allied in many respects is the 
question of the role that tonsillectomy 
should play in the management of patients 
with recurrent streptococcal sore throats 
and with the 'attendant complications of 
rheumatic fever and glomerulonephritis. 
Since the tonsils constitute the major site 
of parasitism by the beta hemolytic strepto- 
coccus, it might be expected that removal 


of these organs would diminish the chance 
of infection and of late non-suppurative 
complications. The present review is con- 
cerned with the available evidence on 
these points. 

Many articles concerned with this subject 
present data in such a way that definite 
conclusions cannot be drawn. Carefully 
chosen control groups and adequate follow- 
up studies are lacking in many of the 
reports. Moreover, precise bacteriologic 
and serologic data are frequently absent. 
An unpredictable source of error is injected 
when two groups are studied, one having 
had tonsils removed, and conclusions arc 
drawn as to the subsequent development 
of streptococcal disease and its complica- 
tions. This error can be attributed to the 
fact that in any group of tonsillectomized 
patients the incidence of previous strepto- 
coccal infections is probably higher than 
in the general population, hence the indica- 
tion for operation. Such factors were not 
taken into consideration in many of the 
conclusions that have been drawn. 

For proper evaluation of these problems 
it is essential to select a group for study and 
to follow it with careful clinical, bacteri- 
ologic and immunologic observations over 
a period of years. Reviewing case histones 


* From the Medical Service, Lawson Veterans Administration Hospital, Chamblee, Georgia, and the Department 
of Medicine, Emory University School of Medicine, Atlanta, Ga., Published with permission of the Chief Medical 
Director, Department of Medicine and Surgery, Veterans Administration, who assumes no responsibility for the 
opinions expressed or conclusions drawn by the author. 
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without personal observation of the patients 
concerned is productive of many errors. 
This review strives to attain a more critical 
perspective with regard to frequently ac- 
cepted axioms concerning the management 
of streptococcal disease and its late com- 
plications, and to point out the need for 
more complete data. 


STREPTOCOCCAL SORE THROAT 


Removal of the tonsils will obviously 
decrease the incidence of tonsillitis. How- 
ever, while this procedure removes from 
the throat the largest single body of tissue 
capable of harboring the streptococcus and 
other organisms, it leaves behind large 
areas of lymphoid tissue easily capable of 
becoming infected. The effect of tonsil- 
lectomy on the subsequent development of 
sore throats may be evaluated in two ways: 
first, by recording the incidence of sore 
throats over a period of years in tonsil- 
lectomized and in non-tonsillectomized 
persons; second, by observing the incidence 
of sore throats during a single outbreak of 
streptococcal disease. 


It must be emphasized in this discussion 
of the role of tonsillectomy in patients with 
sore throats that bacteriologic and serologic 
studies have seldom been reported. This 
becomes more significant in the light of 
recent studies which have shown that in a 
arge percentage of patients with acute 
sore throat during non-epidemic times the 
streptococcus cannot be incriminated as the 
etiologic agent. 5 

Paton observed a group of 909 girls 
attending a boarding school in England 
between the years of 1930 and 1939. 16 

istories were taken of previous health and 
records were kept of illnesses while in the 
school. Fifty-seven per cent of the girls had 
• la tonsillectomy prior to admission. Of 
Merest is the fact that remnants of tonsillar 
ssue 'vere present in 40 per cent of this 
onp. This, however, represents the results 
expected in the usual tonsillectomy. 
tom'll 1,0 *^ 61106 u follicular or lacunar 
am 1 ** IS i " as a k°ut five times as great 
° n g lose in whom no operation had 
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been performed as in the tonsillectomized 
group. 

The following figures, taken from Paton 
and calculated on admission rate per 100 
girls, were broken down further as to 
whether or not adenoids as well as tonsils 
had been removed. 



( 

Tonsils 

and 

Ade- 

noids 

Tperatioi 

Tonsils 

Only 

1 

Ade- 

noids 

Only 

No 

Opera- 

tion 

No. of girls 

435 

57 

24 

393 

Pharyngitis (%).... 

40 

53 

54 

41 

Tonsillitis (%) 

1 

2 

4 

5 


“The reduction in tonsillitis after tonsil- 
lectomy . . . was not, that is to say, accom- 
panied by a corresponding increase in sore 
throat from other causes; it was a true 
reduction.” Paton stresses that too much 
reliance must not be placed on percentages 
calculated from such small numbers. The 
important feature was, however, that the 
incidence of pharyngitis in the two groups 
was the same. Cultural studies were not 
reported in this survey. 

Kaiser’s study of 4,400 children in 
Rochester, New York, has provided many 
interesting data. 13 At least two febrile 
attacks of tonsillitis occurred during the 
first seven years of life in approximately 
38 per cent of the 4,400 children. Tonsil- 
lectomy for one indication or another was 
advised for the entire group but for various 
reasons was performed in only 2,200. The 
incidence of previous sore throats was not 
significantly different in the two groups. 
At intervals of one, three and ten years after 
operation had been advised, the patients 
were re-examined and their parents were 
interviewed as to illnesses of the children in 
the intervening years. This study is open 
to criticism on several grounds. Parents 
whose children have had tonsillectomy are 
likely to emphasize their good health after 
operation. Furthermore, anamnestichistories 
are necessarily fraught with error. Never- 
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theless it is interesting to compare the figures 
for the two groups. In the first three-year 
period following operation sore throats 
occurred in 36 per cent of the non-operated 
group as compared with 3 per cent of the 
operated group. 

At the ten-year follow-up 10 per cent of 
the operated group had had sore throats 
as compared with 35 per cent of the non- 
operated group. Kaiser correctly empha- 
sizes that even in the absence of tonsils, sore 
throats involving the pillars and pharynx 
may still occur and cause illness as severe 
and as detrimental to the health of the child 
as that caused by acute tonsillitis. Neverthe- 
less, his study provides evidence that in 
patients subject to repeated severe sore 
throats, tonsillectomy may diminish the 
likelihood of further attacks of sore throat. 

Studies of population groups living under 
similar conditions and having comparable 
exposure to throat infections have brought 
out many interesting points. The Commis- 
sion on Acute Respiratory Diseases reported 
detailed observations on an outbreak of 
type 5 beta hemolytic streptococcus tonsilli- 
tis and pharyngitis presumably caused by 
eating infected eggs. 6 In the group studied 
tonsils were present in fifty-eight, tonsillar 
remnants (tags) in twenty-three and com- 
plete absence of tonsillar tissue in six. No 
mention is made, however, of the incidence 
of tonsils in the exposed but non-infected 
group. In patients whose tonsils were absent 
the disease was not modified to an impor- 
tant degree as compared with those whose 
tonsils were present. However, in the group 
with tonsils a predominant growth of 
streptococci was found more frequently than 
in the tonsillectomized group. Also, exudate 
was more abundant in patients with tonsils. 
Furthermore, at the end of six weeks 50 per 
cent of the individuals with tonsils still 
had positive throat cultures whereas only 
20 per cent of the tonsillectomized persons 
had positive cultures. The difference is 
statistically significant. 

Rantz, Spink and Boisvert have made a 
careful study of a food-borne throat infec- 
tion in a military hospital group. The 


causative organism was type 1 beta hemo- 
lytic streptococcus. 18 Fifty-eight patients, 
all equally exposed to the offending food, 
were selected for further investigation. 
Sixty per cent of these became infected, as 
judged by cultural and serologic studies. 
It was not possible to determine all factors 
preventing infection in the other 40 per 
cent but a striking factor was the presence 
of tonsils in 48 per cent of the non-infected 
as compared to 94.3 per cent of the infected 
group. They contrasted this observation 
with those made in another large group 
of cases in which infection by a variety of 
types of hemolytic streptococci occurred. 
In this study the absence of tonsils did not 
interfere with the development of strepto- 
coccal sore throat. Tonsillectomy had been 
performed in 33 per cent of the group 
suffering from streptococcal infections and 
in 34.4 per cent of the group with non- 
strep tococcal throat infections. 19 

Bloomfield studied a group of nurses 
during the course of a year. 2 In this period 
of time streptococcal tonsillitis occurred in 
8 per cent of those tonsillectomized and in 
30 per cent of those not having had a 
tonsillectomy. He concluded that in the 
group under study the absence of tonsils did 
offer considerable protection against infec- 
tion with the hemolytic streptococcus. 

A large group of patients diagnosed 
as having endemic pharyngitis was ob- 
served by the Acute Respiratory Disease 
Commission . B * These patients primarily were 
recent inductees in a large^ Army training 
center. In those patients with exudative 
pharyngitis the frequency of positive culture 
for hemolytic streptococci and the antibody 
response was the same irrespective of the 

* In passing it should be pointed out that these workers 
have demonstrated that in the patients with exudative 
pharyngitis, in . non-epidemic times, beta hemolytic 
streptococci are isolated (in predominant numbers) m 
50 per cent of the patients, and that in only 50 per cent 
of those with beta hemolytic streptococci is an antibody 
rise indicative of streptococcal infection demonstrated. 
De Wesselow had arrived at similar conclusions in Eng- 
land in 1935 when he noted a heavy predominance o 
beta hemolytic streptococci in only 25 per cent of 35 
patients with tonsillitis seen in the clinic over a perio 
of one year. 7 
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presence or absence of tonsillar tissue. 
Rantz, Spink and Boisvert, as mentioned 
previously, have pointed out that tonsillar 
tissue seems to play no appreciable role in 
the development of throat infection with 
the hemolytic streptococcus except in ex- 
plosive outbreaks due to one specific type. 18 

Although the evidence is not complete 
and is at times conflicting, the data at hand 
would seem to suggest the following. The 
frequency of sore throats appears to be 
reduced in those individuals whose tonsils 
have been removed. In outbreaks of strepto- 
coccal disease caused by a single type of the 
organism, tonsillectomized individuals simi- 
larly appear to be protected to some extent. 
When infection is caused by more than one 
type of the streptococcus, tonsillectomized 
individuals apparently are not spared to 
any significant degree. It must be empha- 
sized, however, that most reports have not 
included bacteriologic studies. This becomes 
even more important when it is realized 
that endemic pharyngitis in a large per- 
centage of cases is not caused by the hemo- 
lytic streptococcus. 

Most authorities advise tonsillectomy in 
patients subjected to repeated severe sore 
throats, by which is meant one or more 
attacks a year. It is to be re-emphasized, 
however, that this does not insure against 
reinfection of the pharynx by the hemolytic 
streptococcus or by other pathogens. 

RHEUMATIC FEVER 

The concept that rheumatic fever repre- 
sents an abnormal response to a strepto- 
coccal infection, particularly of the pharynx, 
las ^ ecn accepted by most writers. 25 Many 
"orkers have shown that a rise in anti- 
streptolysin titer, signifying infection by the 
3c ta hemolytic streptococcus, occurs in 
j^ear ) all patients with acute rheumatic 
e'er. Rantz, Boisvert and Spink in recent 
'.ar cx pcrience with group A beta hemoly- 
c streptococcal disease have re-emphasized 

e ro c of this organism in the pathogenesis 

01 rheumatic fever. 17 

Granted that acute rheumatic fever is 
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preceded by infection with the streptococcus 
in most, if not all, instances, it is natural to 
inquire whether removal of a large focus 
favorable for growth of the organism, 
namely, the tonsils, will prevent the de- 
velopment or alter the subsequent course of 
the disease. In an attempt to answer such 
questions one is forced to rely on statistical 
reports of large groups, despite the fact 
that there are many sources of error in the 
collection of such data. 

Kaiser’s previously mentioned study is 
of interest. 13 Before tonsillectomy the inci- 
dence of chorea, rheumatic fever, muscular 
pains and rheumatic carditis was the same 
in both groups. The two groups were of 
comparable ages. After operation the figures 
were as follows: Chorea: operated group, 
1.1 per cent, control, 0.6 per cent; rheu- 
matic fever: operated, 2.3 per cent, control, 
3.5 per cent; muscular pains: operated, 7.8 
per cent, control, 9 per cent; rheumatic 
carditis: operated, 1.1 percent, control. 1.3 
per cent. None of these differences appears 
to be significant. 

In another study Kaiser analyzed the 
records of 48,000 children, histories having 
been obtained from the parents. 12 Twenty- 
eight thousand of this group had had 
tonsillectomy, and among these there were 
339 cases of rheumatic fever (1.9 per cent) 
as compared to 876 cases (3.0 per cent) in 
the unoperated group. Growing pains, 
chorea and rheumatic carditis were of 
similar incidence. He points out that 
children without tonsils do not escape 
rheumatic fever in sufficient numbers to 
justify the procedure of universal tonsil- 
lectomy as a preventive measure. 

Similar observations have been recorded 
by other investigators. Wallace and Smith 
studied the records of children in Edin- 
burgh. 20 They divided their patients into 
two groups: Group 1 comprised 403 children 
whose tonsils had been removed before the 
age of five and who had not had rheumatic 
fever. Group 11 comprised 574 children 
whose tonsils were removed in later child- 
hood. Before “school leaving age” acute 
rheumatism, i.e., chorea, rheumatic fever 
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and carditis, had occurred in 7.2 per cent 
of the first group as compared with 4.2 per 
cent of the second group. There was a 
higher percentage of males in the first 
group which, they believe, should if any- 
thing make the incidence of rheumatic 
fever lower. They concluded that the pro- 
cedure fails completely to protect a child 
against rheumatic fever and that it may 
even render him more liable to develop the 
disease. It should be pointed out, however, 
that in a group of children under five whose 
tonsils are removed there is apt to have 
been more preceding streptococcal disease. 
The study of Campbell and Warner is 
similar. 3 Of 124 children with “complete 
removal of tonsils” 15.3 per cent subse- 
quently developed rheumatic fever. There 
were 843 who never had tonsillectomy and 
18.6 per cent of these developed rheumatic 
fever. 

It would appear from the above recorded 
surveys that the operation of tonsillectomy 
will not offer protection against the develop- 
ment of rheumatic fever, hence the pro- 
cedure should not be offered as a universal 
prophylactic. This seems logical for al- 
though tonsillectomy will remove a large 
body of tissue that is capable of harboring 
streptococci, nevertheless considerable 
amounts of lymphoid tissue are left in the 
nasopharynx even after the cleanest of 
tonsillar and adenoid enucleations. More- 
over, rheumatic fever may be precipitated 
by a transient and superficial infection of 
the pharynx by the streptococcus. 

Effect of Tonsillectomy on Recurrences. Hunt 
and Osman 8 were among the first to ques- 
tion the efficacy of tonsillectomy in the 
management of the patient with rheumatic 
fever. They conducted follow-up studies on 
144 rheumatic fever patients, of whom sixty- 
six had had tonsillectomy and seventy-eight 
had not. Recurrences were noted in 53 per 
cent of the operated group as compared 
with 42 per cent in the control group. 
Further analysis of these data in relation to 
recurrences after a first and second attack 
revealed a similar situation. These workers 
concluded that tonsillectomy was not a 


certain protection against recurrences, and 
that, if anything, it was inducive of a higher 
recurrence rate. Kaiser makes the unquali- 
fied statement that recurrent attacks of 
rheumatic fever are as likely to occur in 
children whose tonsils have been removed 
as in those in whom they are still present. 13 
In his group of 439 children observed for 
five years those who had developed the first 
attack of rheumatic fever before tonsil- 
lectomy had a recurrence rate of 28 per 
cent as compared with 27 per cent for the 
group whose first attack developed after 
tonsillectomy. This opinion is also held by 
Stokes, 24 Janeway 11 and Rantz. 20 Spink has 
the impression that the removal of tonsils 
does decrease the incidence of subsequent 
attacks of rheumatic fever although he 
states that for this view he has no statistical 
data. 23 If a patient with a history of rheu- 
matic fever has repeated attacks of acute 
tonsillitis, he should have a tonsillectomy 
during an inactive phase of his disease in 
the hope of decreasing the incidence of sore 
throats. The chances are that it will not 
lessen the likelihood of recurrence of rheu- 
matic fever. 

Tonsillectomy in Relation to the Late Effects 
of Rheumatic Fever. The proper evaluation 
of this aspect of the problem is made diffi- 
cult because of the extreme variability in 
the clinical course of rheumatic fever. 
Carditis with its subsequent valvular and 
myocardial scarring is the most serious of 
the sequelae of rheumatic fever. If it could 
be shown that tonsillectomy diminishes the 
incidence of carditis, the procedure would 
be not only advisable but imperative in the 
management of rheumatic fever. Such, 
however, does not appear to be the case. 

The outcome of a group of 597 children 
who developed their first attack of rheu- 
matic fever between the ages of five and 
ten years and who were followed for a 
period of ten years is presented by Kaiser. 
These patients were divided into three 
groups: (1) those whose tonsils remained in 
during the entire period of observation; (2) 
those whose tonsils were removed after the 
first attack; and (3) those whose tonsils were 
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removed prior to the first attack. The 
outcome of these groups is as follows: 


Group 

! 

No. 

' 

Died, 

Per Cent 

Recurred , 

Per Cent 

1 

156 

13 

46 

2 

254 

4 

44 

3 

. 

187 

1 

7 

48 


The incidence of carditis was the same in 
the groups, but it was the author’s impres- 
sion that fatal carditis was less frequently 
noted in the tonsillectomized group. The 
figures of Allen and Baylor 1 tend to corro- 
borate this. 

Among other studies of interest is that of 
Campbell and Warner 3 who noted that the 
incidence of carditis was not influenced by 
the presence of tonsils. 

It would appear that tonsillectomy should 
be performed in patients with rheumatic 
fever for the same reason as in non-rheu- 
matic subjects, namely, in an attempt to 
prevent frequent attacks of tonsillitis. It is 
the general belief, however, that the pro- 
cedure should not be performed during the 
active stage of the disease. No sound evi- 
dence is available which would indicate 
that the procedure will lessen the patient’s 
chance of recurrence or that it will appre- 
ciably alter the late effects of the disease. 


glomerulonephritis 

Most authors agree that acute glomer 
u onephritis is preceded most frequently b- 
infection with group A beta hemolyti 
s rcptococcus. 10 In the majority of instance 
c Pnmary streptococcal infection is in th 
nasopharynx. Unlike acute rheumatic fever 
w e\ er, nephritis may also follow strepto 
cca s -in infections. Recurrences of glom 
rulonephntis are similarly preceded b; 
L ^ ococ ^l pharyngeal infections in mos 
P r °M em of the role of tonsil 
«1 , ln ^ le management of glomer 
nnephnns is essentially the same as tha 

!« vm ’’,f ‘ C , fcVCr ’ U " d °<* *e operatic, 
prevent- 1C CiScasc t modify its course 01 

1 uc nt recurrences. 
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Turning again to the work of Kaiser, 12 
one finds the statement that the absence of 
tonsils gives the child only a slightly better 
chance of escaping glomerulonephritis. Il- 
lingworth observed 365 patients with glomer- 
ulonephritis at the Great Ormond Street 
Hospital for sick children. 9 Three hundred 
one of these patients were in the acute 
stage. Twenty per cent of the children had 
had tonsillectomy before admission in their 
acute episode as compared with an overall 
incidence for tonsillectomy of 9 per cent in 
the general population of comparable age 
groups. He believed that the procedure not 
only did not prevent the disease but that in 
several instances it actually precipitated an 
episode of acute glomerulonephritis. The 
factual evidence for the latter statement is, 
however, rather meager. 

In considering the effect of tonsillectomy 
on the course of glomerulonephritis one 
finds the same paucity of facts on the 
ultimate outcome of the disease as were 
found in the study of rheumatic fever. One 
of the most comprehensive studies of acute 
glomerulonephritis is that recently reported 
from Sweden by Rudebeck. 22 He has fol- 
lowed 318 patients with acute and subacute 
glomerulonephritis over a period of twenty- 
three years. In this group 69 per cent were 
listed as recovered, 19 per cent as uncertain 
and 11 per cent as not recovered. In the 
period from 1923 to 1933 tonsillectomies 
were done early in the disease. This ap- 
parently had no effect on the ultimate 
outcome of the disease, for of the fifty-two 
tonsillectomized patients 67.3 per cen / 
recovered, in 21.2 per cent the outcome was 
uncertain and 1 1 .5 per cent did not recover. 
Of sixty-three patients not operated upon 
69.8 per cent recovered, the outcome was 
uncertain in 19.0 per cent and 11.1 per 
cent did not recover. Similarly he was un- 
able to detect any differences in the recur- 
rence rate in the tonsillectomized and 
non-tonsillectomized group. Rudebeck con- 
cludes that those reports of apparent 
improvement in the course of the disease 
are not valid either because the controls 
were not adequate, because follow-up 
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studies were insufficient or because data 
were misinterpreted. 

Illingworth’s 9 analysis of the outcome of 
the 301 patients with acute glomerulonephri- 
tis is shown in Table 1 . He concludes that 
in no instance can it be said that tonsil- 
lectomy had any immediate beneficial 


appear to be those for tonsillectomy in 
general, namely, for frequent episodes of 
acute tonsillitis. 

COMMENT 

It is not the purpose of this review to 
attempt to draw sweeping conclusions but 


Table i* 

EFFECTS OF TONSILLECTOMY ON THE OUTCOME OF PATIENTS WITH GLOMERULONEPHRITIS 




Urine on Discharge | 

Died 

Subsequent 

History 

Latent 

Re-examination 
1 to 12 Years 
after Onset 


Cases 

Un- 

known 

Ab- 

normal 

Normal 

in 

Acute 

Stage 

Died 

■ 

E 

or 

Active 

Doubt- 

ful 

Healed 

Tonsillectomy more than 6 
months before onset of 
nephritis 

61 

28 

28 

5 

0 

2 

0 

15 

3 

3 

Operation probably caused 
nephritis 

15 

7 

8 

0 

0 

0 

0 

4 

0 

0 

Tonsillectomy performed as 
therapeutic measure within 

6 months of onset 

119 

67 

44 

8 

1 

2 

m 

23 

4 

7 

Control children in whom ton- 
sillectomy was not per- 1 
formed 

106 

45 

52 

8 

13 + 

0 


20 

4 

3 

Totals 

301 

147 

132 

21 

14 

B 

11 

62 

11 

13 


* From Illingworth. 9 
t Most died in first few days of disease. 


effect on the nephritis, nor that it had any 
effect on the subsequent course of the 
disease. 

It would appear that tonsillectomy offers 
little in the management of the patient with 
glomerulonephritis. Certainly it will not 
prevent the disease and apparently it does 
not alter its course. There is fairly general 
agreement that tonsillectomy during the 
acute stage of glomerulonephritis is quite 
apt to provoke an exacerbation with an 
increase in the elements in the urinary 
sediment, a rising NPN and further eleva- 
tion of blood pressure. 14 In the quiescent 
or latent stage of glomerulonephritis the 
removal of tonsils in the hope of preventing 
recurrence of the disease or the likelihood 
of further renal damage lacks supportive 
evidence. In patients with glomerulonephri- 
tis the indications for tonsillectomy would 


rather to present evidence on the question 
of the efficacy of tonsillectomy in the disease 
states discussed. The need for more carefully 
controlled studies with adequate bacteri- 
ologic and serologic data cannot be over- 
emphasized. Tonsillectomy is frequently 
recommended with claims that dramatic 
changes in health may ensue. No attempt 
has been made to go into the effect of the 
procedure on the growth, development and 
general health of the child. Tonsillectomy 
is not completely without risk. Rare though 
complications may be, they do include fatal 
hemorrhage and pulmonary abscess. Fur- 
thermore, evidence seems to indicate that 
the operation increases the likelihood of 
developing bulbar poliomyelitis during an 
epidemic period. Weighing all factors, it 
would seem that tonsillectomy, not a com- 
pletely innocuous procedure, should not be 
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performed indiscriminately. Each individ- 
ual case must be considered on its own 
merits. 

CONCLUSIONS 

Patients with repeated episodes of acute 
severe sore throats can be expected to have 
a decreased number of attacks after tonsil- 
lectomy. The available evidence does not 
indicate that tonsillectomy will prevent or 
will appreciably alter the course of acute 
rheumatic fever or of acute glomerulonephri- 
tis, or that it will diminish the incidence of 
recurrence of these diseases. 

Further careful clinical, bacteriologic 
and immunologic studies on a large un- 
selected group of people are needed before 
positive conclusions can be drawn. 
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C ongestive heart failure involves a 
complex of disorders affecting nearly 
every organ system of the body. 
No one denies that the cardiac lesion 
is of primary importance in initiating the 
chain of events that culminates in a rising 
venous pressure, accumulation of edema 
and evidences of renal dysfunction. There 
is sharp disagreement regarding the se- 
quential position and the relative impor- 
tance of these changes in connection with 
the cardiac disturbance. One important 
cause for dispute lies in the emphasis 
placed upon the role of the kidney in the 
formation of edema. On the one hand, an 
elevation of venous and capillary blood 
pressures is regarded as instrumental in 
diverting fluid from the vascular bed into 
the tissues and thus in provoking an over- 
active conservation of water and salt by 
the kidneys . 1,2 On the other hand, abnormal 
renal retention of water and salt due to the 
“cardio-circulatory” imbalance is believed 
to result in an expansion of plasma volume 
and an increase in venous pressure with the 
coincidental development of edema . 3,4 This 
paper is devoted to an analysis of renal 
abnormalities in congestive failure with the 
purpose of reconciling these opposing views. 

EVIDENCE OF RENAL DYSFUNCTION 
DURING FAILURE 

There is little anatomic evidence of 
renal damage in congestive heart failure. 


The kidneys may be enlarged as a result of 
venous engorgement and dilatation of the 
peritubular capillaries . 1 The glomerular 
capillaries are rarely if ever involved. 
Occasionally cloudy swelling and fatty in- 
filtration of tubular cells are found but as a 
rule the parenchyma is unaffected. In con- 
trast, marked changes in the character of 
the urine occur. Proteinuria and cylindruria 
develop in the majority of patients and 
microscopic hematuria is occasionally en- 
countered . 3,6 The urea clearance and phe- 
nolsulfonphthalein excretion are usually 
depressed. It is particularly interesting that 
the urinary specific gravity tends to rise 
and to remain fixed at an unusually high 
level in many cases. This fact has been cited 1 
as evidence of a fundamentally adequate 
renal function, other changes being inci- 
dental to the augmented activity of the 
kidney in conserving water and electrolytes. 
Perhaps the most striking and certainly the 
most important renal dysfunction is reten- 
tion of water and sodium. 

It has been recognized 7 ' 8 for many years 
that restriction of water and salt intake 
may control and even prevent edema. This 
phenomenon has been placed upon a 
quantitative basis only recently . 9,10 The 
sodium ion appears to be selectively affected 
in failure since water loading alone is not 
uniformly followed by a gain in weight 
whereas increased sodium intake in associa- 
tion with adequate hydration results in 
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striking edema formation. Other electro- 
lytes are relatively undisturbed so that 
retention of sodium need not involve a 
linked retention of chloride. Although 
chloride does tend to follow sodium, the 
urinary sodium /chloride output ratio usually 
falls . 11 The kidneys fail to regulate the total 
body content of sodium and water normally 
but they usually continue to maintain the 
plasma composition within normal limits . 12 
Occasionally marked azotemia with reten- 
tion of all the components of the non- 
protein nitrogen is encountered and, rarely, 
the serum concentration of sodium and 
chloride may fall, apparently because of 
sodium restriction and failure to eliminate 
excess body water . 2 

RENAL HEMODYNAMIC ADJUSTMENTS 
DURING FAILURE 

Recent investigations 13-16 have sought to 
define the renal hemodynamic adjustments 
during congestive failure in relation to 
sodium and water excretion. A variable 
depression of renal blood flow and glomeru- 
lar filtration rate has been found. In some 
individuals these values may be reduced to 
as low as one-third and one-half the normal 
values, respectively, when edema is present. 
There is a definite tendency to return to- 
ward the normal with compensation. Blood 
flow is always affected to a more marked 
degree than filtration and the percentage of 
plasma filtered at the glomerulus conse- 
quently increases. Since the change in blood 
flow occurs in the absence of a similar 
change in arterial pressure and since it is 
apparently independent of the level of 
icnal venous pressure, decompensation must 
c 'okc a striking increase in renal vascular 
'csistance. Most observers believe that both 
a cient and efferent arterioles arc involved, 
ccausc the glomerular filtration rate tends 
o all and the filtration fraction rises. In 
ns view, diminished filtration is a mani- 
cstation of diffuse intrarcnal vasomotor 
acti\it\ which presumably aflccts each 
omciulus to some extent. These data do 
• 0t . P 1 ( clnclc the possibility that filtration 
10 uced because a certain proportion of 
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nephrons become completely inactive. In 
such a case the vasomotor activity might 
involve afferent arterioles almost exclusively 
or blood might perfuse non-functioning 
glomeruli, the behavior of the filtration 
fraction then having little meaning in 
terms of glomerular dynamics. Whatever 
its distribution, intrarenal vasoconstriction 
is characteristic of heart failure and it 
accounts in part if not entirely for the 
diminution of glomerular filtration. 

The kidneys appear to operate in the 
systemic circulation as vascular buffers. 
Intrarenal vasoconstriction results in the 
diversion of a considerable quantity of 
blood to other tissues and thus serves to 
support arterial pressure and to supplement, 
in effect, the cardiac output . 17 This response 
has been observed under many circum- 
stances, e.g., in hypotensive states following 
blood loss, trauma and fever; on assumption 
of the upright position; during chronic 
anemia, in Addison’s disease, exercise, 
fright and in anger; as well as following the 
injection of various pressor agents. These 
renal vascular responses differ mainly in 
the degree to which afferent arteriolar 
constriction occurs. Many conditions char- 
acterized by a reduction in circulating blood 
volume (shock, orthostasis, Addison’s dis- 
ease, chronic anemia) present evidence of 
preponderant afferent arteriolar constric- 
tion . 18 This activity may so interfere with 
the nutrition of the kidney in shock that 
irreversible damage may ensue . 16 It is true 
that abundant and apparently reliable 
evidence indicates a marked expansion of 
blood volume in congestive failure . 20 But a 
considerable portion of this volume is proba- 
bly pooled in dilated veins of the dependent 
extremities, the abdomen and the abdomi- 
nal viscera so that effective circulating blood 
volume is reduced. Measurements of this 
variable are not feasible at present and 
this possibility cannot be explored. In any 
event, the patient with failure behaves as if 
inadequate venous return and/or cardiac 
inefficiency interferes with normal circula- 
tory regulation. 

A reduction of cardiac output is demonstrable 



472 Renal Dysfunction in Congestive Failure — Bradley, Blake 


in most patients with congestive failure at 
rest . 21,22 A compensatory increment in total 
peripheral resistance is necessary to main- 
tain arterial pressure within normal limits 
in these individuals and renal vasoconstric- 
tion out of proportion to that elsewhere in 
the body is not unexpected since this is 
a situation dynamically similar to shock. 
Myers 23 has found that excessive compen- 
satory vasoconstriction also develops in the 
hepatoportal circuit, which is not surprising 
in view of the increasing evidence that this 
vascular bed is also important in circulatory 
adjustments. Excessive compensatory vaso- 
constriction in some individuals may elevate 
the arterial pi'essure well above normal 
values. In a small group of patients decom- 
pensation occurs in association with an 
augmented cardiac output , 22,24-26 the so- 
called “high output failure” of cor pul- 
monale, arteriovenous fistula, thyrotoxico- 
sis, Paget’s disease, beriberi and chronic 
anemia. Obviously peripheral vascular re- 
sistance is much diminished in these cases 
but intrarenal vasoconstriction develops 
nonetheless . 14 It may be surmised that this 
is a response to an instability of arterial 
pressure resulting from an inefficient main- 
tenance of cardiac output. This assumption 
finds support in the fact that cardiac output 
tends to Jail and pulmonary arterial pressure 
tends to rise during exercise in both types 
of failure, indicating outright or potential 
cardiocirculatory imbalance exaggerated 
or unmasked by stress. The disturbance in 
renal blood flow is also grossly exaggerated 
during exercise . 29,30 

Little is known regarding the mediation of 
vasoconstriction in the kidney or in other parts 
of the body during failure. Starling 31 sug- 
gested that a preliminary fall in arterial 
pressure might elicit such a response to 
return blood pressure to normal and thereby 
to assure continued perfusion of the brain. 
This view has much to recommend it since 
hypotension develops frequently and since 
the inadequate response of cardiac output 
during sti'ess predisposes to a fall in arterial 
pressure. This stimulus might be expected 
to influence renal function by reflex action, 


but recent work by Mokotoff and Ross 32 
suggests that renal vasoconstriction in 
failure does not require continuous activity 
of the autonomic nervous system. In their 
studies spinal anesthesia did not alter 
renal blood flow provided arterial pressure 
was maintained by ephedrine. However, 
ephedrine has been found to cause intra- 
renal vasoconstriction 33 and it is possible 
that the effect of spinal anesthesia may 
have been masked. Moreover, high spinal 
anesthesia does not alter the blood flow 
through the normal kidney during rest in 
recumbency 34 although it does alter pro- 
foundly the ability of the vascular system 
as a whole to adjust to changes of state. 
Elevation of the body after intrathecal 
administration of pi'ocaine is quickly fol- 
lowed by hypotension and syncope. Possibly 
autonomic reflexes are instrumental in 
establishing a given state of vascular tonus 
and in maintaining or altering it during 
stress as needs demand; whereas independ- 
ent local mechanisms maintain the imposed 
tonic state during periods of little change. 
According to this point of view therefore 
the constancy of renal blood flow during 
spinal anesthesia does not exclude auto- 
nomic activity as an initiating cause of 
vasoconstriction during failure since the 
autonomic system is called upon to act only 
during stress. The role of hypothetical 
humoral agents in mediation of the vaso- 
constrictive response is difficult to evaluate. 
It has long been believed that hypertension 
during failure may arise from interference 
with renal blood flow and stimulation of 
renin formation. Merrill 35 has provided 
evidence for this view by finding an in- 
creased renin content of the renal venous 
blood in eight of eleven patients with 
chronic congestive failure who had no 
intrinsic renal disease. He docs not state 
whether the blood pressure was elevated in 
these patients. Renin cannot be considered 
a cause of renal vasoconstriction since renal 
ischemia presumably must precede its 
production. No other humoral agents have 
been detected in congestive failure although 
it is not unlikely that certain internal sccrc- 
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lions may be active in promoting retention 
of salt and water. 

There is little doubt that marked renal 
anoxia may develop in certain patients with 
congestive failure but it appears to be a late 
manifestation occurring long after edema 
formation has begun, having little signifi- 
cance in the development of the clinical 
syndrome of failure. Renal anoxia similar 
to that obtaining early in failure appears 
to enhance salt and water excretion. A 
marked polyuria develops soon after re- 
duction in oxygen saturation of the blood 
by inhalation of oxygen-poor gas mixtures 3 ® 
and sodium, potassium and chloride excre- 
tion rises. 37 It seems quite unlikely therefore 
that the anoxia-producing effect of renal 
ischemia is implicated. The change in renal 
blood flow is probably significant in relation 
to sodium and water retention only insofar 
as it is associated with a depression in 
glomerular filtration. 

GLOMERULAR FILTRATION AND TUBULAR 

REABSORPTION OF SODIUM AND WATER 
DURING FAILURE 

Glomerular filtration is of crucial im- 
portance in this connection because it has 
been shown 17 that water and the sodium 
and chloride ions are excreted by filtration 
alone. A very large volume of filtrate — in 
excess of 180 L. — is formed daily whereas 
only a small quantity of urine is eliminated, 
indicating tubular reabsorption of almost 
all the filtrate. Since such a small propor- 
tion of the filtrate is excreted, it has been 
customary to think of tubular activity as 
decisive in determining output. Water reab- 
sorption occurs largely in the proximal 
segment where it apparently follows sodium 
icabsorption passively with maintenance 
0 iso-osmoticity” of urine in the proximal 
segment. 38 - 39 ^ Numerous studies 41,42 have 
r emonstrated that distal tubular water re- 
a isoiption is an active process, independent 
soc turn i eabsorption, which is carried 
out under the influence of the neurohypo- 
P nsis. his apparatus is said to be activated 
osmoi cccptors” located in the region 
• applied by the external carotid. 43 The 
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osmoreceptors respond to changes in plasma 
osmotic pressure, especially when due to 
changes in the concentration of plasma 
sodium. Sodium excretion, on the other 
hand, may be controlled by minute fluctua- 
tions in filtration. 40 The usual range of 
excretion (20 to 160 mEq. /day) under 
normal circumstances represents only from 
0.01 to 0.1 per cent of the total filtered 
sodium. It has been postulated 40,44 that a 
constant absolute quantity or proportion 
of most of the filtered sodium is reabsorbed 
in the proximal segment and that a limited 
transfer mechanism in the distal segment 
controls output in association with changes 
in filtration; increased filtration serving to 
increase slightly the distal tubular loading of 
sodium beyond the capacity of the transfer 
mechanism so that increased excretion 
occurs, whereas decreased filtration reduces 
the load below the transfer capacity and 
permits reabsorption of almost all filtered 
sodium. Unfortunately, the changes in 
filtration necessary to such a mechanism 
are too small to be detected by methods at 
present available and the hypothesis cannot 
be tested critically. 

In conformity with this view, MokotofF, 
Ross and Leiter 15 have found that the 
proportion of sodium reabsorbed remains 
unchanged within narrow limits in both 
normal and decompensated patients. Since 
filtration is usually somewhat reduced and 
total sodium reabsorption depressed, they 
conclude that sodium retention in heart 
failure is a result of the decreased filtration 
rather than increased tubular reabsorption 
of sodium. The quantities involved in these 
calculations differ so greatly in magnitude 
that the mathematic manipulations and 
correlations may be very misleading. The 
quantity of sodium excreted per minute 
under all circumstances is negligibly small 
and in consequence an excellent correlation - 
between filtered load and sodium reab- 
sorption is inevitable over a wide range. 

In the published data, 15 however, a de- 
parture from the predicted relation is 
evident at high plasma levels of sodium 
even though filtration has increased, de- 
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noting the intervention of a change in 
tubular reabsorption as a factor of impor- 
tance. In evaluating the reduction in total 
sodium reabsorption it must be remembered 
that such a reduction does not preclude 
increased reabsorptive activity by a smaller 



Fio. 1. Change in glomerular filtration rate during 
recovery from congestive heart failure. Values for 
glomerular filtration rate (GFR) taken from Seymour 
et at.,’ 3 Merrill, 14 Mokotoff, Ross and Leiter 16 and 
Briggs et al. 16 during decompensation are plotted 
against values obtained in the same individuals after 
recovery. The points above the diagonal are from 
patients in whom filtration rose during compensation 
whereas those below the line denote a fall in filtration. 
Filtration was usually reduced in failure close to or 
below the lower limit of normal (about 90 cc. per 
minute). In many patients there was no significant 
change in filtration with recovery and in a few it fell. 

number of functioning nephrons. Filtration 
may be diminished as a result of diffuse or 
focal glomerular involvement. Most writers 
have made the tacit assumption that the 
lower filtration rate in failure arises from a 
decrease in filtration in all glomeruli and 
that the filtered load of sodium and water 
imposed upon the tubules therefore is 
greatly reduced. It is equally possible that 
filtration has ceased altogether in some 
glomeruli, filtration in the remainder being 
somewhat reduced, remaining unchanged 
or even increasing, depending upon the 
number of inactive nephrons. There is no 
evidence available in the literature to pro- 
vide an answer to this question, but un- 


published work by Earle' 15 and Leiter 40 has 
disclosed a significant fall in the transfer 
maxima of sodium /j-aminohippurate (PAH 
Tm). It seems likely therefore that the 
glomerulotubular imbalance is not as great 
as it appears to be in many patients and 
that reabsorption may be relatively in- 
creased. 

Certain additional considerations arc 
opposed to the view that deficient filtration 
alone accounts for sodium retention. In 
Figure 1 data from the literature 13-10 for 
filtration rate during and after recovery 
from congestive failure arc plotted. Filtra- 
tion rate fell within normal limits (lower 
limit about 90 cc. per min. 47 ) in a significant 
proportion. Unquestionably, the values 
were low normal or abnormally low in the 
majority but this change appears to have 
had no clear-cut relationship to the degree 
of water and salt retention evident as edema 
in these individuals. Of even greater impor- 
tance is the observation that filtration 
showed no consistent change during return 
to compensation. Very small increments 
may have served in some instances to pro- 
mote diuresis and mobilization of edema 
but in at least seven patients filtration fell 
during compensation without in any way 
preventing the diuretic response to therapy. 
Salt and water diuresis has also been ob- 
served acutely following intravenous injec- 
tion of digoxin in decompensated patients 
before any change took place in glomerular 
filtration or renal blood flow. 45 Finally, 
filtration may be much more markedly dis- 
turbed than it is in most recorded instances 
of heart failure without evidence of edema 
formation. This is particularly true when 
filtration is disturbed by intrinsic renal 
disease such as nephrosclerosis, without a 
corresponding alteration in tubular func- 
tion. 48 These patients often display a 
remarkable ability to regulate sodium and 
water balance and they may live for years 
with filtration rates as low as any of those 
recorded in congestive failure, responding 
to excesses or deficits of salt and water with 
normally appropriate although often less 
exact and speedy adjustments. In chronic 
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anemia edema formation is occasionally 
seen. 49 It is prone to occur in pernicious 
anemia during return of the hematologic 
picture to normal. The renal blood flow 
has been found to be greatly reduced in 
this condition though glomerular filtration 
is not much affected. 18 The intrarenal vaso- 
constriction appears to be but slowly re- 
versible and in consequence a rise in hema- 
tocrit in response to therapy may lead to 
replacement of plasma by red cells in the 
unchanging volume of blood perfusing the 
kidney. The renal plasma flow and filtra- 
tion rate may then fall as in the patient 
whose course is plotted in Figure 2. Edema 
formation under these circumstances may 
be attributed to the fall in filtration since 
glucose Tm is demonstrably normal and 
definite increase in glomerulotubular im- 
balance must develop. In the subject 
illustrated in Figure 2, however, edema did 
nol appear. There was a slight gain of weight 
which persisted after complete recovery, 
probably as a result of improved appetite 
and diet. It is of great interest that in this 
patient and in one other 18 edema did not 
foim despite the fall in filtration and an 
unchanged (or augmented) intake of salt 
and water. It may be concluded therefore 
that an alteration in glomerular filtration 
of a degree similar to that usually observed 
in congestive failure is usually insufficient 
in itself to induce water and salt retention 
''ith edema formation. Although it should 
)c emphasized that the change in filtration 
probably contributed importantly and may 
provide a necessary setting for this develop- 
ment, other factors must be implicated. 

mong these a relative augmentation of 
sodium rcabsorption may play a role. 

u )ulat rcabsorption of sodium is so 
‘] ,gc t iat . sm ah and scarcely detectable 
c wingcs will produce large changes in the 
n a r y 011 Tut of sodium. It is an active 
process affected by the concentration gradi- 
xuueen blood and urine, by the 
in il 1CC n°^ osrn °tically active materials 

a,a«AS r M 0 C , by v r° US humoral 

to nnr> • • ' ° nc . l lcsc factors is known 

‘ate m failure although it has been 
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suggested 51,52 that overproduction of anti- 
diuretic hormone by the posterior pituitary 
may occur. Recent work indicates that 
tubular reabsorption of water and salt is 
increased by elevation of the renal venous 
pressure. Since venous hypertension is 



Fig. 2. Change in renal function during treatment of 
pernicious anemia. In E. M., a fifty-seven year old 
white female with pernicious anemia of about six 
months’ duration, treatment with liver extract resulted 
in a return of the hematocrit (HCT) from 12 per cent 
to normal within four months. The reduction in renal 
blood flow (RBF) persisted for four months and may 
be attributed to intrarenal vasoconstriction which was 
slowly reversible. With improvement the glomerular 
filtration rate (GFR) and renal plasma flow (RPF), 
measured by the mannitol and sodium p-amino- 
hippuratc clearances, respectively, fell from values 
somewhat lower than average normal (baselines) to 
abnormally low levels, apparently as a result of replace- 
ment of plasma by red cells with the rise in hematocrit. 
Despite the marked change in filtration in this patient 
there was no evidence of edema formation. 18 

prominent in failure, this response is un- 
doubtedly of importance. 


EFFECT OF ELEVATED RENAL VENOUS 
PRESSURE ON SODIUM AND WATER 
EXCRETION 

It has been known for many years that 
obstruction to the venous outflow of the 
isolated kidney results in diminished output 
of salt and water, 53 but owing to the 
uncertainties and inaccuracies inherent in 
the heart-lung-kidney preparation clinici- 
ans have been reluctant to accept the im- 
plications of these observations. Renal 
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function studies in man have revealed a blood flow, filtration rate and tubular 

depression in sodium and water excretion activity apparently change chiefly as a 

when intra-abdominal venous pressure is result of the obstruction to urine outflow 

raised to 20 mm. Hg by external abdominal from a proportional number of nephrons, 

compression with a pneumatic girdle. 84 Subsequent work 58 has shown that the 

Glomerular filtration and renal blood flow decrement in water output is associated 



Fig. 3. Change in renal function during abdominal 
compression. J. G., a thirty-five year old white male 
with diabetes insipidus, was studied after re-establish- 
ment of diuresis on withdrawal of therapy. Clearance 
measurements of renal plasma flow (RPF), filtration 
fraction (FF), glomerular filtration rate (GFR), urine 
flow (V), and potassium (K + ) and sodium (Na + ) out- 
put were made before, during and after compression 
of the abdomen (between arrows) with a pneumatic 
belt under 80 mm. Fig pressure. Glomerular filtration 
f ate and renal plasma flow decreased proportionately 
during compression of the abdomen so that the filtra- 
tion fraction did not change. Urine flow fell greatly 
and mannitol concentration (expressed here as the 
ratio between urine and plasma concentrations (U /P)) 
increased, denoting increased water reabsorption 
relative to filtration. Sodium output expressed in terms 
of filtration rate (X 100) fell off, but potassium out- 
put expressed in the same way did not change signifi- 
cantly. All values tended to return toward the average 
control values (baselines) after release of pressure. 
Similar results were obtained in studies of four other 
patients with diabetes insipidus and four normal 
subjects (from data of Mudge et al. 65 ). 

are equally reduced in association with a 
proportionate reduction in active tubular 
mass as measured by diodrast and glucose 
Tm. Since all these values fall to approxi- 
mately the same extent, there is no obvious 
glomerulotubular imbalance. Abdominal 
compression raises pressure in the renal 
pelvis as well as in the renal veins; and 
since the increment in venous pressure is 
sufficient to account for the reduction in 



Fig. 4. Change in renal function in the dog during 
elevation of renal venous pressure. Values for 
glomerular filtration rate (GFR), renal plasma flow 
(RPF), urine flow and sodium output (mEq. per 
minute) of the left kidney arc expressed here as per- 
centages of the same functions determined simul- 
taneously in the right or control kidney. During the 
control periods the left kidney put out 6 to 23 per cent 
more urine and sodium than the right, but with 
partial occlusion of the left renal vein and elevation 
of the left renal venous pressure from 115 mm. saline to 
340 mm. saline (between arrows) there was a striking 
decrease in these values on the left over the right. 
During this period filtration and plasma flow did not 
change from the average control values (baselines) 
more than expected on the basis of spontaneous 
fluctuations. Sodium and water output of the two 
kidneys approached equality after the venous ob- 
struction was removed (from data of Blake et al. 56 ). 

with an even greater diminution in sodium 
excretion. The same response (Fig. 3) lias 
been observed in five patients with diabetes 
insipidus following withdrawal of hormone 
therapy, indicating a direct effect upon the 
kidney rather than stimulation of the neuro- 
hypophysis. In all these studies the effect o 
obstruction due to elevated renal pelvic 
pressure cannot be separated from that o 
increased renal venous pressure. 

Blake, Wegria, Keating and Ward" 5 have 
investigated sodium and water excretion 
relative to glomerular filtration in t ie 
separate kidneys of dogs during unilatera 
elevation of renal venous pressure by par tia 
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occlusion of one renal vein. Since renal 
function and urine flow change significantly 
only in the kidney subjected to increased 
venous pressure, humoral and neural ac- 
tivity appear to be unimportant. Sodium 
and water excretion are depressed when 
venous pressure exceeds 150 mm. saline 
with more and more depression at progres- 
sively higher levels. These changes occur 
without any clear-cut change in filtration 
and renal blood flow up to pressures of 
400 mm. saline. (Fig. 4.) Filtration actually 
increased slightly on several occasions, 
definitely indicating enhanced tubular re- 
absorption. Renal blood flow did not 
decrease until venous pressure exceeded 
400 mm. saline so that renal vascular 
resistance must have decreased in propor- 
tion to rise in venous pressure. Since filtra- 
tion did not change, the resistance was 
probably lowered by passive distention of 
the renal veins, venules and peritubular 
capillary net. Such renal engorgement 
must be attended by an increment in renal 
interstitial pressure approximately equal 
to that in venous pressure and it may be 
supposed that engorgement influences water 
and sodium reabsorption by altering the 
gradient of pressure and flow of urine along 
the tubules — or possibly by changing the 
rate at which blood perfuses any given 
renal unit. These factors may also operate 
in conjunction with the vasoconstriction 
elicited by the erect position in causing the 
anlidiuresis and lessened sodium output of 
orthostasis. 57,58 Certainly elevated renal 
venous pressure within a range comparable 
to that observed during failure may ad- 
versely affect renal excretion of water and 
salt independently of humoral and vaso- 
motor adjustments. 

VENOUS DYNAMICS DURING FAILURE 

The pressure in renal veins and elsewhere 
m the venous system derives from the com- 
P ex interaction of the residual arterial 
pressure, the volume of blood held in the 
'‘Cins, the rate of blood flow into and out 

0 the venous chambers, tissue tension and 

1 'c “tonus" of the venous system as a whole. 

■'Hu., 194 9 


In addition, skeletal muscular activity 
imposes further pressure changes and drives 
blood “uni-directionally” through valved 
vessels. Dynamically, the, central venous 
reservoir is divided into two major com- 
partments in which pressures may vary 
more or less independently. 59,00 The pres- 
sure rises during expiration in the superior 
caval system (the supracardiac chamber) 
and falls in the inferior caval system (the 
subcardiac chamber). During inspiration 
the changes are reversed. Blood flows ■ in 
opposite directions in these chambers under 
pressure gradients which are unrelated 
except that both are centered upon the 
right atrium. This independence is seen 
more strikingly during assumption of the 
upright position when pressure rises through- 
out the subcardiac chamber and falls 
almost to atmospheric pressure in the 
supracardiac chamber. The behavior of 
the total venous system cannot be char- 
acterized on the basis of pressures measured 
in a single peripheral vein. 

In frank congestive heart failure all the 
veins are greatly engorged with blood and 
venous pressures are elevated throughout. 
The pressure in the right atrium may 
increase more than in the peripheral veins 
with a reduction in the pressure gradient. 61 
This phenomenon as well as the obvious 
fact of cardiac disease in the vast majority 
of cases implicates defective cardiac func- 
tion as an essential element in the produc- 
tion of venous hypertension. But other 
factors including increased venomotor ac- 
tivity, redistribution of blood, venous com- 
pression and increased blood volume must 
be involved. 

According to Starr and his co-workers 62 
the right heart may be severely damaged in 
experimental animals without altering ve- 
nous pressure. Warren and Stead 6 claim 
that an initial expansion in blood volume is 
necessary. In careful studies of the clinical 
course of patients with heart disease they 
have observed that a notable gain in weight 
may precede any detectable change in 
venous pressure. The validity of this 
observation depends upon isolated measure- 
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ments of pressures at rest in peripheral 
veins. In view of the complexity of venous 
dynamics such measurements appear to be 
inadequate. Moreover central and periph- 
eral venous pressures rise sharply in patients 
with cardiac insufficiency and in animals 
with heart damage during exercise whereas 
little or no change occurs in the nor- 
mal . 63,04,65 In man increments in renal 
venous pressure observed during exertion 
in recumbency are further augmented on 
standing by the superimposed hydrostatic 
column of blood. Under these circumstances 
there is a striking decrease in water and 
sodium excretion. 29,30 Hence abnormal ele- 
vations of pressure which are not detectable 
at rest may occur frequently during the 
course of each day and may be expected to 
have a profound effect upon not only the 
transcapillary balance of forces but also 
upon renal function. In addition, recent 
studies by Roos and Smith 00 indicate that 
venous pressure may rise in dogs imme- 
diately after myocardial injury, provided 
damage is sufficiently extensive and diffuse. 
The causes of immediate elevation in 
pressure are obscure and need not concern 
us here. It is sufficient to note that the 
elevation in venous pressure probably 
precedes edema formation and contributes 
to the pathogenesis of renal dysfunction. 

Hypervolemia is probably important in 
accelerating the development of failure. In 
experiments of Landis 04 and of Roos and 
Smith 00 on animals with cardiac jncom- 
petence, intravenous injection of a small 
volume of saline solution or blood hastened 
and accentuated the change in venous 
pressure. Likewise, incautious administra- 
tion of fluids intravenously to patients with 
cardiac disease will often precipitate decom- 
pensation . 07 Hence renal retention of salt 
and water is undoubtedly detrimental. It is 
not surprising that therapy designed to 
induce diuresis and to reduce blood volume 
is helpful. On the other hand, numerous 
studies 04,08,09 in man and animals indicate 
that expansion of the blood volume within 
wide limits will not induce a persistent 
elevation in venous pressure unless there is 


pre-existing cardiac disturbance. The de- 
velopment of congestive failure is to be 
regarded therefore as presumptive evidence 
of cardiac incompetence, even though 
anatomic evidence of a disorder of the heart 
may be lacking. 

CONCLUDING REMARKS 

On the basis of these considerations it is 
possible to set out an hypothesis which 
provides a reasonable explanation for renal 
dysfunction in heart failure. The place of 
the heart in this process scarcely needs 
reaffirmation and re-emphasis. Ample evi- 
dence is now at hand to support the view 
that cardiac output is insufficient for normal 
circulatory adjustments. The vasoconstric- 
tive response to remedy this affects par- 
ticularly the renal vascular bed even when 
blood flow to other tissues is increased, as in 
anemia. In consequence of the intrarenal 
vasoconstriction, renal blood flow and 
glomerular filtration rate are reduced with 
resultant impairment of kidney function. 
Remittent or persistent elevation of renal 
venous pressure also develops and acts to 
enhance tubular reabsorption of salt and 
water. Thus two changes, renal venous 
hypertension and intrarenal arteriolar con- 
striction, operate simultaneously to produce 
retention of salt and water. It is quite likely 
that they contribute variously in different 
cases, but both appear to be necessary. 
This belief finds strong support in the fact 
that left ventricular failure may develop and 
persist in the absence of edema formation 
as long as venous pressure docs not rise. 
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Ulcerative Colitis 


T hese are stenotyped reports of combined staff clinics of the College of Physicians 
and Surgeons, Columbia University, and the Presbyterian Hospital, New York. 
The clinics, designed to integrate basic mechanisms of disease with problems of diagnosis 
and treatment, are conducted under the auspices of the Department of Medicine. The 
reports are edited by Dr. Frederick K. Heath. 


Dr. Dana W. Atchley: The natural 
history of ulcerative colitis is so variable that 
it would be proper to question the validity 
of its existence as a single disease. However, 
the different patterns of pathology and 
course present sufficiently similar etiologic 
and therapeutic problems to justify their 
classification as a single entity. Moreover, 
the complications of all types have common 
features that support this unitary approach. 

The gross pathology of this disease is less 
consistent than the microscopic picture. 
Any part of the colon may be involved in all 
degrees of severity; the ileum may partici- 
pate; abscesses may form; and polyposis 
is a late feature of serious significance. The 
clinical picture is equally diverse. Some 
patients are extremely ill with high fever 
and great prostration; pain or bleeding 
may be intense or completely absent. 
Unpredictable remissions and relapses make 
the evaluation of therapy most uncertain. 

The most satisfactory approach to the 
analysis of a disease is afforded by the 
presence of a specific etiologic agent. 
Amebiasis presents such a situation. The 
topic of this clinic is not in that pleasant 
category. No hypotheses as to etiology have 
stood the test of critical study. Felsen has 
written extensively incriminating the dysen- 
tery group of bacilli, arguing that most 
patients with ulcerative colitis have either 
a history of bacillary dysentery or are 
carriers of the organisms. The majority 
opinion disagrees with Felsen. Dysentery 
oacilli arc found in only a small per- 
centage of cases and treatment of this disease 
with chemotherapy found effective in true 
bacillary dysentery is without benefit. 
April, 1949 


Bargen of the Mayo Clinic isolated a 
diplococcus in ulcerative colitis but his 
work has been discarded by most workers 
in this field. As in every obscure condition, 
allergy has its proponents but again no 
consistent evidence as to its etiologic role 
has been collected. 

When the etiology of a disease remains 
obscure, a clear understanding of its 
mechanism may be an excellent substitute. 
The etiology of constrictive pericarditis is 
rarely assured but the dynamics of its 
effects on the circulation are so clear that 
therapy can be intelligently planned. Once 
again we find a relatively barren field in 
ulcerative colitis. The reason for the remis- 
sions and for the variations in pathology 
are equally obscure. However, recent bio- 
chemical studies may offer a clue to one 
of the factors in the production of this 
disease. Dr. Meyer will discuss the general 
subject of the lysozymes and then Dr. Prud- 
den will tell us of the application of this 
knowledge to ulcerative colitis. 

Dr. Karl Meyer: The word “lysozyme” 
was coined by Fleming in 1918. He lumped 
together under this name a variety of agents 
found very widely distributed in nature 
which lysed not only certain air-borne 
organisms such as sarcinae and some micro- 
cocci but also certain micro-organisms 
shown subsequently not to be affected by 
lysozyme but presumably by other enzymes. 

Lysozyme, as isolated from egg-white, one 
of the richest sources of this enzyme, is a 
basic protein of low molecular weight. It 
was crystallized a few years ago by Alderton 
and his co-workers who showed the molecu- 
lar weight to be 18,500 and the isoelectric 
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point to be at pH 10 to 10.5. Mammalian 
lysozyme is quite similar and is the most 
basic protein found in warm blooded 
animals thus far. However, this basic 
property is not essential to the lysozymes in 
general. There are acidic lysozymes which 
occur in the latex of a wide variety of plants 
but they have the same specificity as the 
basic lysozymes of egg-white, of tears and 
of the gastric mucosa or of stool with regard 
to both their action on micro-organisms and 
their chemical specificities. Lysozyme acts 
on susceptible organisms by destroying 
(through hydrolysis) a constituent, a muco- 
polysaccharide, of the bacterial cell wall. 
The cell thus acted upon autolyzes, leaving 
behind an empty shell, a picture which is 
familiar from electron microscope studies 
of the action of bacteriophage. 

A few years ago we obtained this substrate 
in a highly viscous form from Micrococcus 
lysodeikticus, a sarcina and an air-borne 
staphylococcus, which also happen to be 
susceptible to lysozyme. This viscous muco- 
polysaccharide is composed of an acetylated 
amino sugar and a phosphorylated poly - 
hydric alcohol, which means that this 
polysaccharide belongs to the class of muco- 
acid polysaccharides. Lysozyme lowers the 
viscosity of solutions of this polysaccharide 
by hydrolyzing the glucosidic linkage of the 
hexosamine. In our method the loss of 
viscosity is measured, and we define as one 
unit the amount of lysozyme which produces 
half viscosity in ten minutes under standard 
conditions. 

Crystalline egg-white lysozyme contains 
approximately 1,300 of such units per mg. 
Human tears contain about 1,400 units, but 
the tear glands of domestic animals and 
laboratory animals have a very low lyso- 
zyme titer. It is not known whether this 
high lysozyme titer in the tears or tear 
gland is characteristic for man or not, but 
it is very low in the animals which have been 
studied. 

We studied further the distribution of 
lysozyme in the mammalian body and 
found rather surprisingly high concentra- 
tions in the gastric mucosa of man and some 


animals. The pyloric region of man has a 
lysozyme titer of about 350 to 400 units per 
Gm. wet weight while serum has a titer of 
less than 1 unit per cc. 

We then studied the action of lysozyme 
on the alimentary canal of experimental 
animals, which Dr. Prudden will discuss. 
These experiments have been confirmed 
and elaborated upon by two groups, one at 
Cornell Medical College working on ulcera- 
tive colitis, and one in Chicago working on 
the experimental effect of the action of lyso- 
zyme in animal stomachs. Contrary to our 
belief that lysozyme acts by depolymerizing 
an unknown constituent of the surface mucus, 
Dr. Grossman in Ivy’s laboratory believes 
that lysozyme acts on the cells rather than 
on the surface mucus. We have not suc- 
ceeded in isolating the substrate acted upon 
by lysozyme in the alimentary canal, which 
is a rather important and necessary step in 
the whole investigation. The known acid 
and neutral mucopolysaccharides of the 
gastric mucosa are not affected by lysozyme. 

Lastly, I want to tell you about a few 
experiments on the inactivation of lysozyme. 
Lysozyme as it occurs in the alimentary 
canal and egg-white is a basic protein. 
We expected that acidic detergents would 
inactivate it and this proved to be the case. 
We chose the alkyl sulfates, half esters of 
sulfuric acid with a straight fatty alcohol 
chain, from C 12 to Cis, for this study and 
found increasing inactivation of lysozyme 
as the carbon number increased. For ex- 
ample the C 12 compound, dodecyl sulfate, 
inactivates 15 to 25 per cent of crystalline 
egg lysozyme in 5 X 10~° molar solution 
while the Ci6 and Cis, the hexadecyl and 
octadecyl compounds, inactivate 82 per 
cent. The Ci6 compound has another 
advantage over the lower carbon member 
substances in that it does not react so 
readily with proteins less basic than lyso- 
zyme, particularly the serum proteins. 

Dr. John F. Prudden: Time docs not 
permit presentation of the rather large 
amount of experimental work that has gone 
into the attempt to demonstrate that 
lysozyme is the local agent initiating the 
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lesions of chronic ulcerative colitis. We can 
summarize the work which has been done 
here by a team consisting of Dr. Karl Meyer, 
Dr. Alfred Gellhorn, Dr. William Lehman 
and myself 1 by saying: (1) Lysozyme can, 
when present in high concentration, remove 
the surface mucus of any portion of the 
alimentary tract from the cardia to the anus 
by hydrolysis and depolymerization of an 
unidentified component of the surface 
mucus. (2) It will produce ulceration in the 
alimentary tract of dogs when fed orally in 
doses which are comparable to those found 
in humans with chronic ulcerative colitis. 
(3) The mean lysozyme content of human 
stools from chronic ulcerative colitis patients 
is about twenty-seven times that of normal 
stools. (4) The lysozyme content invariably 
falls with improvement. (5) The colitic 
mucosa shows a nine-fold increase in 
lysozyme content over normal mucosa. (6) 
The mean daily output of lysozyme in 
chronic ulcerative colitis is 1 68 times that of 
normals. 

We believe that these observations indi- 
cate that lysozyme is the etiologic agent 
which locally initiates the lesions of ulcera- 
tive colitis although we are in accord with 
the hypothesis that the basic difficulty may 
be psychiatric in nature. 

On the basis of these findings we have 
begun therapy with anti-lysozymes, as noted 
by Dr. Meyer, at the Presbyterian and 
Roosevelt Hospitals. Two agents have been 
employed therapeutically, nisulfazole (para- 
nitrosulfathiazole) and sodium hexadecvl 
sulfate. 

Nisulfazole was introduced into the 
therapy of chronic ulcerative colitis by 
Dr. Ralph Major without knowledge of its 
anti-lysozyme effect. This property was dis- 
covered while screening compounds which 
had been reported effective in the therapy 
°f the disease. This was the only agent 
exhibiting such anti-lysozyme activity to 
an appreciable extent. An inhibition of 42 
pci cent was noted in a concentration of 
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.0007 M. The mechanism of this inhibition 
is not yet understood. 

Nisulfazole can be employed in 0.5 Gm. 
tablets or in 10 per cent suspension in pectin 
with oil of peppermint as a preservative. 
The former is for oral therapy, the latter for 
retention enemas and in occasional cases 
when it is desirable to pass a Miller-Abbott 
tube into the terminal ileum and administer 
the suspension through the tube. 

I will not go into the details of oral 
therapy. By retention enema we give 100 cc. 
twice a day, once in the morning and once 
in mid-afternoon, and the patient lies in 
shock position from the time of his morning 
retention enema until supper time. He is 
up and about at other times. We give a 
low-residue, high-protein, high-calorie diet 
with vitamin supplementation. We make 
no effort to restrict particular foods unless 
there is undeniable evidence of allergy. 

With oral therapy there are appreciable 
amounts of nisulfazole and sulfathiazole, its 
reduction product, in the blood. However, 
when administered by the Miller-Abbott 
tube technic and by retention enemas only 
traces are found. 

Dr. Gellhorn treated twenty-one patients 
with chronic ulcerative colitis with nisul- 
fazole, mostly with retention enemas. He 
noted remission in thirteen, equivocal 
responses in two and no improvement or 
progression in six. At Roosevelt Hospital we 
treated five patients with acute ulcerative 
colitis, with remission in four and no 
improvement in one. Statistically this is 
not dramatic but we believe that the worth 
of the drug is undeniable because of the 
extreme type of disorder treated. In several 
instances long-standing colitis has been 
arrested for the first time in years and the 
patient has given evidence of renewed vigor. 
In others what seemed to be a fatal down- 
hill course seemed to be completely reversed. 
We have no data on the subsequent course 
of most patients treated with nisulfazole. 
The four treated at Roosevelt Hospital arc 
in remission and have remained so up to 
nine months. That is a very short length of 
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time, of course. The follow-up study of the 
rest is under way. 

Despite our belief that nisulfazole is a 
good therapeutic agent, the fact that nine 
of twenty-six patients did not respond made 
a search for a better inhibitor desirable. 
Such an agent was found in sodium 
hexadecyl sulfate, which Dr. Meyer has 
described and which, as he pointed out, 
inhibits lysozyme in vitro much better than 
nisulfazole. However, it has affinity not 
only for the NH 3 + groups of lysozyme but 
of all proteins. This reduces the effectiveness 
of the compound below the test tube level 
where lysozyme is the only protein present; 
therefore, when using this drug one should 
prescribe a low-protein diet. Our practice 
has been to give 540 mg. of sodium hexa- 
decyl sulfate every four hours around the 
clock. The drug apparently produces initial 
nausea, watery stools and epigastric pain 
in the majority of patients. These have 
subsided within two or three days in most 
instances but the drug apparently has 
irritative as well as therapeutic effects in 
some cases. 

Our experience with sodium hexadecyl 
sulfate has been very limited as yet. We have 
treated eleven patients with ulcerative 
colitis, with complete remission in seven; 
two patients were definitely improved but 
continued to have loose movements despite 
a marked decrease in frequency; and two 
(with the highest lysozyme outputs) failed 
to improve. Of the seven patients showing 
complete remission, three suffered relapses 
but two of these responded to lower doses 
taken at home; in the third case subsequent 
treatment has not yet been attempted 
because of limited supplies of the drug. 

On the basis of this brief experience we 
believe that anti-lysozyme therapy is a 
hopeful method of treatment for this very 
distressing disease and deserves further 
trial. 

Dr. Atchley: Is there any work on the 
influence of the emotions upon the lysozyme 
titer? 

Dr. Prudden: Yes, there is. Grace, Seton, 
Wolf and Wolff at Cornell recently pub- 
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fished 2 observations they had made on 
individuals with ulcerative colitis under 
varying emotional circumstances. They noted 
a marked increase in the lysozyme concen- 
tration of the stool and colonic surface 
mucus of these individuals at times of 
psychic stress. The number of observations 
was quite small; however, they were con- 
vincing. If this work is now confirmed by a 
large number of such determinations, it 
will be a very important contribution. Dr. 
Karush and Dr. Stewart in this institution 
are also studying the same problem. 

Dr. Walter Stewart: Our results arc 
not really worth mentioning yet. All we 
have done is to follow lysozyme titers in 
patients as we have treated them. It is our 
belief that if they are disturbed the titer 
goes up, and if not disturbed the titer goes 
down. 

Dr. Robert F. Loeb: I think this might 
be of some interest. The stools of patients 
with mucous colitis have been studied by 
Dr. Prudden and Dr. Meyer, if I am not 
mistaken, and do not show any increase in 
lysozyme, is that correct? 

Dr. Prudden: That is correct, but only 
three patients have been studied. I do not 
think it is conclusive. 

Dr. Loeb: It seems to me that it would be 
important to extend that study; because if 
we assume that mucous colitis is of psycho- 
genic origin and one finds that there is not 
an increase in lysozyme, in contrast with 
the patients who have developed non- 
specific ulcerative colitis, one might have 
a means of differentiating the psychogenic 
mechanisms. 

Doctor: Are the diarrheas of specific 
etiology associated with increase in lysozyme. 

Dr. Prudden: The only specific diarrhea 
that we have had the opportunity to assay 
was a case of amebic dysentery. The lyso- 
zyme content was 33 units per Gm. of stoo . 
The upper limit of normal is at 9. We have 
not had any opportunity to do runs on 
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typhoid or the bacillary dysenteries. Plans 
have been made to obtain this type of 
specimen in the near future. 

Dr. Atchley: Is there any relation 
between the motility of the bowel, or the 
state of the stool, and the lysozyme content? 

Dr. Prudden: As a check we gave castor 
oil and magnesium sulfate to a fairly large 
number of patients. We found that there 
was only dilution of the lysozyme although 
the output for twenty-four hours increased 
slightly. This rise did not approach the 
increase in colitis. 

Dr. Atchley: There are in ulcerative 
colitis a certain number of lesions which 
occur in regions remote or apparently 
unrelated to the colon. I have asked Dr. 
Fischel to discuss these observations in the 
hope that they may throw some light on the 
underlying processes operating to produce 
this disease. 

Dr. Edward E. Fischel: In this clinic 
during the past few years a number of cases 
of ulcerative colitis have been observed 
with extra-gut lesions, frequently of a rather 
spectacular nature. Erythema nodosum, 
purpura and other skin lesions have been 
seen, as well as arthralgias of varying 
severity. Occasionally the diagnosis of 
rheumatoid arthritis has been made. In 
addition the history of a previous bout of 
rheumatic fever has been noted in a few 
patients. These phenomena have been 
described by several authors but their 
incidence is variable, depending in part 
upon how much attention is focused ex- 
clusively on the gut. Extra-enteric phe- 
nomena are rarely mentioned in the 
voluminous charts of these patients unless 
pronounced changes occur. 

Erythema nodosum has been described 
in about 1 per cent of the large series at the 
1 layo Clinic but other skin lesions such as 
Pyoderma are much more frequent. Ar- 
thritis has been said to occur in about 4 to 
pei cent of the cases of ulcerative colitis 
m various clinics. In this hospital Dr. James 
*oss has recently reviewed eighty-five cases 
•n which the work-up and subsequent study 
"ere considered adequate. A high incidence 
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of arthritis was found. Nineteen patients or 
22 per cent had some degree of arthritis at 
some time in their course. Five of these had 
the diagnosis of rheumatoid arthritis on 
their charts but subsequent follow-up in 
most of these showed a degree of improve- 
ment that is not compatible with the usual 
course of untreated rheumatoid arthritis. 
The arthritis possibly is related to secondary 
infection which occurs so frequently in 
ulcerative colitis. It is of interest that 
bacteremias and, notably, bacillary dysen- 
tery give rise to arthralgias and arthritis. 
Seventeen of the eighty-five patients here 
had skin lesions of the various types 
mentioned. 

The question arises as to the relationship 
of ulcerative colitis to the extra-gut lesions. 
It appears unlikely that the same process 
which initiates the colitis, whatever that be, 
also causes the arthritis and skin lesions. 
More probably these lesions are secondary 
to the inanition and bacterial infection that 
result from ulcerative colitis. 

As Dr. Atchley mentioned in his opening 
remarks, it has been suggested that a specific 
bacterium causes ulcerative colitis. It is 
well known that various infections may 
cause diarrhea even if they do not directly 
involve the gastrointestinal tract. Thus 
infection of the upper respiratory tract in 
children gives rise to that acute diarrhea 
which enjoys the paradoxical name of 
parenteral diarrhea. However, in ulcerative 
colitis no specific organism has been con- 
sistently identified. Infection appears to 
play a secondary role although it may be a 
very important one in the clinical course 
of the patient. 

Where there is infection, particularly of 
an intermittent or chronic variety, it mav 
be expected as a physiologic response on the 
part of the host that sensitization at distant 
sites occurs and histologic changes take 
place according to the pattern of the Arthus 
or tuberculin reactions, with variations 
depending upon the site of the reaction, e.g., 
the skin, around the blood vessels or else- 
where. Microscopic aggregations of acute 
or chronic inflammatory cells have been 
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demonstrated in many patients following 
infections with a wide variety of organisms. 
Such lesions impress us clinically, however, 
only when they are severe enough and 
superficial enough to become macroscopi- 
cally visible. This is, of course, a variation 
of the old focal infection hypothesis but I 
need not point out that the infection in 
ulcerative colitis is hardly focal. 

Allergic mechanisms have been thought 
to play a role in the development of ulcer- 
ative colitis, perhaps as they have been 
thought to play a role in almost any un- 
defined disease. Gray and Walzer studied 
exteriorized segments of gut in monkeys and 
observed human colostomies and proctos- 
copies. The subjects were passively sensitized 
to an antigen such as peanut oil by the 
injection of serum from a sensitized indi- 
vidual, and the mucosa exposed to this 
antigen, either directly or by ingestion. A 
severe inflammatory reaction occurred. 
Erythema and a profuse outpouring of 
mucus took place. In some instances acute 
ulceration of the mucous membrane oc- 
curred. This has been taken as a rational 
basis for the search for food allergy in cases 
of ulcerative colitis and for the use of 
elimination diets in the management of this 
disease. Although it is known that food 
allergy may cause acute diarrhea, it is 
extremely unlikely that this is the under- 
lying cause of all cases of ulcerative colitis 
inasmuch as elimination diets appear to 
have no greater or better effect than the 
customarily employed low-residue diets 
with non-irritating foods. However, allergy 
to the various bacteria invading the exposed 
surface of the colon is probably instrumental 
in contributing to the severity of an already 
established ulcerative lesion, both by local 
necrotizing action of the allergic type and 
by obstructing lymphatic return. 

In summary, the extra-gut lesions of 
ulcerative colitis serve to focus our attention 
on the fact that this disease, with its inani- 
tion and almost constant secondary bouts 
of infection, involves many systems outside 
of the gut, either by direct metastatic infec- 
tion, by increasing susceptibility to infection 


or by a phenomenon of hypersensitivity. 
These secondary phenomena of infection, of 
necrotizing allergic reactions, may in turn 
augment the severity of the existing lesion. 

Dr. Atchley: In the absence of a definite 
etiology or a complely comprehended 
mechanism one seeks forces that may 
influence the course of a disease non- 
specifically. For instance, in asthma certain 
patients are quite comfortable except when 
they are in an extremely dusty environ- 
ment. These factors are not primarily 
etiologic but they effectively exaggerate the 
disease manifestations. 

An example of this in ulcerative colitis is 
the effect of diet. An excess of roughage 
in the diet may represent an added burden 
for the inflamed gut and in certain cases is 
an important therapeutic consideration. An 
extraordinary case in this clinic tended to 
relapse during menstruation, with remis- 
sions in the intermenstrual intervals. After 
a long downhill course the ovaries were 
removed with spectacular benefit. 

We come next to the most controversial 
and one of the most interesting aspects of 
the whole problem, namely, the influence 
of the emotions on ulcerative colitis. We 
know quite well that psychic trauma will 
apparently precipitate a relapse or increase 
the symptoms. There are many studies 
of the neurotic personalities found in these 
patients. Dr. Walter Stewart will discuss 
this field. I have told Dr. Stewart that if he 
prefers to classify the emotions as a specific 
etiological agent rather than as a factor 
influencing the course of the disease, we 
shall be very glad to have him do so and 
take the consequences! 

Dr. Stewart: The beginning of the 
psychiatrist’s interest in the somatic aspects 
of medicine dates back to Walter Cannon s 
contributions concerning the effect of emo- 
tions on physiologic function. His studies 
started a type of psychophysiology. The 
effect of emotions on the gastrointestina 
tract is, as you know, very great. This fact 
allowed the psychiatrists to get a toeho 
on this general subject and since then the} 
have been doing some pretty fancy footwor 
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for which I have to bear the responsibility 
today. 

The psychiatric contributions to the study 
of ulcerative colitis began in 1930 with a 
paper by Murray which was followed by a 
second paper later in the same year. He 
reviewed twelve cases of ulcerative colitis. 
He noted a dramatic relationship between 
emotionally traumatic experiences and the 
onset of disease twenty-four to forty-eight 
hours later signaled by bloody diarrhea. 
He also noticed that these patients were 
very dependent and emotionally infantile. 
From this he reasoned that since the infant’s 
response to fear is diarrhea, perhaps that 
was the emotion affecting these patients. 
The marked dependency of the patients 
studied is illustrated by the fact that of seven 
male patients, six showed an unbreakable, 
strong, dependent tie to their mother. The 
seventh showed a comparable relationship 
to an older sister who acted as a mother 
substitute. None of the seven men were 
married. 

The next paper was by Sullivan in 1936. 
He reported six cases studied with psychi- 
atric technics and tried to outline the sort 
of personality that developed ulcerative 
colitis. Since then there have been many 
publications, the most outstanding of which 
are those of Daniels and Alexander. 

I want to reiterate a point made by 
Dr. Atchley. When we elect to discuss 
a symptom such as bloody diarrhea, we 
may be dealing with a heterogeneous 
group when viewed from the point of 
etiology. Even in a group homogeneous 
from an etiologic point of view, we may be 
working with multiple etiologic factors. It 
then becomes not a question of one or 
another of the possible etiologic factors but 
a concatenation of many factors. In ulcer- 
ative colitis thei'e may well be multiple 
causes that produce the disease, not just one 
etiologic agent. I think everybody agrees 
that this is a complicated disease and there 
is probably room for everybody in it. 

Our present state of knowledge suggests 
tiat in about 75 or 80 per cent of the 
patients that we psychiatrists see it is 
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possible to elicit a fairly typical history of 
emotional problems which seem to play 
some role in the disease process. The 
evidence for this comes from three points. 
One is the precipitating factor, the emo- 
tionally traumatic experience that precedes 
the occurrence of the disease. The second is 
the similarity of the basic personalities of 
this group and of the type of adaptation to 
life which they show; and third is the fact 
that they give evidence of the presence of 
neurotic disturbances prior to the onset of 
their somatic illness. 

I would like to deal with the third point 
first. Wittkower in 1938 published a report 
in which he studied the frequency of 
neurosis prior to the onset of the illness. 
He found that patients with ulcerative colitis 
had an extraordinarily high frequency of 
previous neuroses, well outside that of the 
normal population. This disproves the thesis 
often stated that neurotic manifestations in 
patients with chronic ulcerative colitis are 
secondary to their prolonged debilitative 
disease and consequent invalidism. 

To understand the role of precipitating 
factors described as traumatic experiences, 
I would first like to list some of them. A 
patient has a fight with his mother and then 
develops ulcerative colitis, or he loses money 
and develops ulcerative colitis, or he gets 
married and then becomes ill. But, one 
might say, these experiences are ubiquitous. 
People are always fighting, losing money 
or getting married. This is true. But in order 
to understand the potency of these experi- 
ences you have to have some understanding 
of the type of personality on which these 
experiences operate. 

As I suggested before, these are exceed- 
ingly dependent people. They have learned 
to exist by leaning on somebody else; so 
when a potential ulcerative colitis patient 
has a fight with his mother and if she is the 
one on whom he was leaning, this takes on 
extraordinary meaning to him. It would be 
hard for you and me to understand the 
significance of the experience to him. 
Similarly, if he is a dependent person and 
the loss of money threatens his security, that 
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can have catastrophic meaning to him. 
Or, if he marries or becomes a parent, that 
is a tremendous increase in responsibility 
and in a negative sense threatens his 
dependency. He is forced to make a more 
mature adaptation than he has made before. 
To generalize this, one can say that these 
experiences are a threat to the dependency 
relationship on which these people depend 
for their existence. 

Now what I will try to do is to give you 
a sort of outline of the typical personality 
of the ulcerative colitis patient. You will 
probably never find all of these factors in 
any one patient and you certainly will find 
some patients that have none of them. 
When you come across a patient who has 
none of the characteristics that I am going 
to describe you might argue that I am 
therefore wrong. I would argue the excep- 
tion proves the rule; mainly it is evidence 
of our incomplete understanding. The final 
word on this has not been written at all; 
just the opening chapters of it are beginning 
to be understood. 

Typically, the father of the child who is 
later going to develop ulcerative colitis is 
likely to be aggressive, dominating, fre- 
quently abusive or brutal. The child is 
consequently overtly fearful. The mother is 
likely to be a dominating, coercive, posses- 
sive and overprotective person. The child 
has to decide early in life how to handle 
these two problem parents. Generally, he 
settles for keeping away from the father and 
being submissive to the mother. He can rely 
on her strength as long as he agrees to her 
terms. He elects to be submissive in order 
to achieve a dependency relationship. He 
becomes submissive and agreeable at the 
expense of any rebellion. In effect, he 
achieves security through loss of freedom. 

These patients are generally of high 
intelligence. In one series, 80 per cent were 
found to have an I.Q, of 1 15 or above. They 
are generally physically immature. The men 
have high voices, generally little body hair. 
The women are small breasted and gener- 
ally narrow-hipped. Not only are they both 
physically immature but also emotionally 


immature. As I have described, they arc 
dependent upon one of the parental figures, 
most frequently the mother. They are 
methodical, precise, neat, meticulous and 
overly clean. They do not think dirty 
thoughts nor use dirty language. They are of 
low energy, passive, self-centered or nar- 
cissistic and generally proud, hence sensi- 
tive. They are likely to brood or stew over 
an imagined insult. They generally do not 
marry at all, or if they do, they marry late 
after an indecisive courtship to someone 
who is older than themselves. They 
recreate the dependency pattern with their 
husband or wife. The outstanding emotion 
that is observable in these people is fear. It 
is a natural product of their submissiveness. 
They fear to lose the dependent relationship 
which they need of necessity to stay alive. 
They are generally tremulous, cautious, 
obsequious and cooperative. They try to 
please you but underneath this subservient 
quality it is easy to detect its opposite. They 
are likely to be critical, demanding and 
subversive. I think the two terms that 
describe it best are subservient but sub- 
versive. Their dreams are likely to be 
violent, which is another indication of the 
tremendous rage that is pent up inside of 
them. Even in their interests in daily life 
they show a morbid interest in murder and 
rape which gives an indication of their 
tremendous pent-up rage. Part of their fear 
that you see on the surface is the response 
to this unconscious rage which exists inside 
of them. They not only fear the loss of the 
dependency situation but they fear the 
threat that their own unconscious is to this 
dependency. The rage accumulates because 
of their submissive adaptation. Since they 
are not able to express anger, it accumulates 
inside of them. It becomes undue and 
chronic because it is not ever allayed and 
the theory at present is that it is discharged 
through the autonomic nervous system. For 
reasons we do not know, in these patients it 
hits the lower intestinal tract rather than 
the stomach or blood vessels and they 
develop diarrhea. 

I wanted to mention briefly the analytic 
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contributions in this field. They seem 
bizarre and are often ridiculed. This is 
because they are difficult to understand 
unless you have had personal experience 
with the analysis of one of these patients. 
The analysts believe that one of the reasons 
the lower intestine is chosen to express this 
pent-up rage and fear is because in child- 
hood the first fight that ever develops with 
this overprotective, coercive, dominating 
mother centers around the question of 
toilet training. The mothers are neat and 
meticulous and they try to get their babies 
clean early of course. It is a matter of 
prestige and also it is an economy of diapers. 

The child who is forced to be submissive 
as a small baby in the question of feeding, 
completely at the mercy of his mother, for 
the first time feels his authority. He can 
either agree to be bowel-trained or disagree. 
Frequently they disagree and a tremendous, 
catastrophic fight or battle develops which 
the mother wins. The child is generally 
trained early, and from that time on has 
that traumatic event of childhood as a 
method of expressing indirectly his rage and 
fear. 

In the few minutes left I will deal with the 
problem of psychotherapy. The simplest 
form of psychotherapy is reassurance. One 
may describe these people as having fear 
over rage; that is, manifest fear and sub- 
manifest or repressed rage. Therapy can 
act to reassure these people, reduce their 
fear and allow their rage to come through. 
So you get an emotional catharsis or venti- 
lation, frequently directed first at mother 
figures, some distance from the mother, and 
moving toward the mother finally. Often 
they end up by being violently angry at the 
mother. By this time they are dependent 
upon the therapist who believes he has 
not done very much. This is the most 
fiequent symptomatic cure from the psy- 
chosomatic point of view. The therapist 
substitutes himself for the mother. He is not 
as coercive; he is a little less dominating 
and not so possessive. From this dependency, 
he can draw back slowly with small amounts 
°f mdependence interjected. 
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The problem of re-educating the patient 
out of the whole framework of dependence 
into the framework of independence where 
he becomes aware of his executive capacity 
is extremely difficult. The question of the 
desirability of analysis for these patients is 
unsettled. There is some evidence that 
analysis may be contraindicated. These 
patients are often very depressed when you 
see them with their illness. It is easy to 
explain this as secondary depression. Ana- 
lytic evidence shows, however, that it 
precedes the onset of illness. Ulcerative 
colitis, unlike peptic ulcer, seems to be more 
closely related to the psychoses than 
neuroses, and analysis frequently uncovers 
material that the patient has not the 
resources to handle. In these cases, analysis 
may do more harm than good. 

In closing I would like to read to you one 
paragraph which is a discussion taken from 
the journal, Gastroenterology. There were 
a group of people who talked over chronic 
ulcerative colitis and in the discussion later, 
Dr. Sullivan, to whom I referred earlier, 
said, “The observation with patients with 
ulcerative colitis suggests the following: 
What happened in 1929 on the 40th floor 
of the Empire State Building, a floor 
occupied only by brokers and bankers who 
were there when the stock market crashed? 
What happens to that dozen individuals 
up there? One of them steals from old 
women and children and goes to jail. Be- 
cause he must continue to try to be a big 
shot and have plenty of money, he em- 
bezzles. Another one jumps out of the 
window because he cannot face life without 
money, and I understand you would have 
had to duck if you walked by there in 1929. 
A third turns to alcohol. What happens to 
the broker who has the peptic ulcer per- 
sonality? There isn’t a man in this room 
who has not seen that same misfortune 
befall patients with peptic ulcer. What do 
they do? They roll up their sleeves, go to 
work and make another million in six 
months or a year and of course, they get 
recurrences with hemorrhages or perfora- 
tions. What happens on the 40th floor of 
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the Empire State Building to the man who 
has ulcerative colitis? He would never be 
there.” He might have added he would 
have been home with his mother ! 

Dr. Atchley: The next step in the 
analysis of a disease is a consideration of the 
effects of the disease upon the individual 
who is so afflicted. In ulcerative colitis we 
find so many of these secondary complica- 
tions that they can be mentioned only very 
briefly. Among the local effects are abscess, 
perforation, polyposis and carcinoma. The 
individual as a whole may develop mal- 
nutrition with genuine vitamin deficiencies; 
he may become anemic and occasionally 
dehydrated. Furthermore, the psychologic 
effect of this type of illness with its inhibition 
of normal life pursuits may set up a serious 
vicious circle. Treatment of these general 
secondary effects of the disease itself is 
sufficiently routine to require no further 
encroachment on our limited time. 

The local complications of ulcerative 
colitis often require surgical intervention 
and in many instances it seems wise to 
consult the surgeon in relation to technics 
for interrupting the total downhill course 
of the disease. Dr. John Lockwood will 
present the surgical point of view. 

Dr. John S. Lockwood: I never like to 
be in the position of defending surgical 
treatment as opposed to medical treatment, 
which is the basis on which so much argu- 
ment goes on in a disease of this type about 
which so little is known of etiology. Actually 
surgical treatment simply is carrying out 
operative procedures under circumstances 
in which the fullest possible advantage has 
been taken of everything beneficial in the 
category of medical treatment. 

The use of surgery in ulcerative colitis is 
necessarily directed either toward attempt- 
ing to reverse an otherwise hopeless situation 
by checking the progress of the disease, or 
to remove a hopelessly diseased structure 
which, if left in place, remains a threat to 
the further health and comfort of the 
patient. It is in that light that the use of 
surgical procedures in ulcerative colitis 
must be considered. 


The efficacy of surgery obviously depends 
upon the stage of the disease at which the 
surgical procedure is carried out. There has 
always been a great deal of disagreement 
as to the timing of surgical intervention in 
ulcerative colitis. I am speaking now 
particularly of the acute case with a spiking 
temperature, massive diarrhea, rapid loss 
of blood, protein and electrolytes, and 
progressively downhill course. There has 
been a tendency on the part of some 
physicians to take an optimistic view in this 
situation, hoping for the remission which 
does sometimes occur with astonishing 
abruptness. The time they refer such a 
patient to the surgeon will depend in part 
upon their experience with a previous case 
or the strength of their faith in conservative 
measures. That makes the comparison of 
surgical results in different clinics very 
difficult. 

Since a permanent ileostomy is to be 
avoided if possible, certainly no conscien- 
tious surgeon would advocate resorting to a 
surgical procedure in ulcerative colitis until 
he, as well as the physician, has been con- 
vinced that conservative measures had 
failed. However, I think we ought to 
recognize that now and for the indefinite 
future it is going to be necessary to resort 
to surgical procedures in cases which have 
failed to respond to other methods of treat- 
ment, however rational. 

The first type of case in which I think 
surgery becomes practically an emergency 
procedure is the acute case with progres- 
sively rapid downhill course, with loss of 
blood, protein and electrolytes which has 
defied all efforts at correction. Just how long 
such a condition should be allowed to go on 
without surgical intervention is very difficult 
to define. Opinion in the recent past has 
been moving more and more toward earlici 
intervention with a limit of about seven to 
ten days for the really acute, fulminating 
episode. The only procedure which wou 
be contemplated at such a time would be 
complete diversion of the intestinal current 
usually by ileostomy; although in the case 
of segmental involvement in which only t ie 
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rectum and sigmoid are involved, it may be 
possible to do a colostomy and thereby gain 
the advantage of colostomy over ileostomy. 
Under these circumstances ileostomy may 
be considered a desperate but sometimes 
unquestionably life-saving procedure. We 
have all seen patients who within a rela- 
tively few days of complete diversion of the 
fecal stream have shown subsidence of fever 
and of blood loss although they may con- 
tinue to have purulent discharge from the 
rectum for many days or weeks thereafter. 
Ileostomy does make it possible to stop the 
progressive physiologic disintegration. Very 
likely this simply is the result of modifying 
the conditions as regard secondary infection 
in the colon. None of us believes that 
ileostomy is a direct attack on the etiologic 
factor of ulcerative colitis. 

The other indications for surgical inter- 
vention, apart from the acute case, are the 
long persistence of subacute manifestations 
of the disease, with recurrent bouts of 
bloody diarrhea, inability of the patient to 
gain weight, inability to resume anything 
like a normal life. Under these circum- 
stances the surgical procedure indicated is 
colectomy, either partial or total, depending 
upon the degree of involvement of the 
bowel. Usually colectomy means a perma- 
nent ileostomy. 

Stenosis, shrinkage, scarring of the colon 
with the result that it loses its proper func- 
tion is another indication for surgery, 
particularly since we know there is a certain 
incidence of carcinoma (estimates vary 
from 1 to 3 per cent) in these chronically 
infected colons. Finally, it is obvious that 
perforation and hemorrhage are other 
indications for emergency surgery in ulcer- 
ative colitis. 

How successful an ileostomy is depends 
npon the patient’s attitude; on the prompt- 
ness and unremitting attention which the 
suigeon gives to the care of the skin; on the 
success with which the patient makes use of 
modern types of ileostomy bags which 
piotect the skin and in many patients permit 
them to resume normal life; and on the 

cgree to which the patient has responded 
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to his surgical treatment. Sometimes it is 
possible to close the ileostomy and to re- 
establish continuity of the intestinal current, 
probably in not more than 10 per cent of 
the cases. One recent contribution in this 
field from Johns Hopkins Hospital has been 
the successful performance of an anas- 
tomosis between the ileum and the anus 
itself, leaving the sphincter mechanism and 
providing a perineal ileostomy with natural 
sphincter function. It has been surprising 
that in the cases in which this operation has 
been done successfully, the patient develops 
what corresponds to a rectal pouch and is 
able to have normal stools. 

In 1941, Elsom and Ferguson 3 published 
the results of a careful follow-up study of 
fifty patients with ulcerative colitis. Dr. 
Elsom is associated with Dr. Miller in the 
Gastrointestinal Clinic at the University of 
Pennsylvania; Dr. Ferguson is a surgeon. 
They worked together as the physician and 
surgeon must do in the proper appraisal of 
results in this disease. In selecting their 
material they deliberately chose patients 
with severe disease, and we may take their 
word for it that they chose groups treated 
by medical means alone and those treated 
by medicine plus surgical intervention in a 
comparable fashion in order to yield com- 
parable data. In this series of fifty patients 
twenty-three were treated with medical 
procedures alone. The mortality in the 
one- to twelve-year follow-up was 32 per 
cent in those treated by medical procedures 
alone whereas the mortality in the surgically 
treated group was 26 per cent. Of greatest 
importance is the appraisal of the state of 
health one to twelve years after operation, a 
period of observation which perhaps pro- 
vides inadequate follow-up but enough to 
justify the authors’ interpretations. In the 
medical group only two of the twenty-three 
could be considered to be asymptomatic; 
several were invalids. In the surgical group 
the great majority were stated to have had 

3 Elsom, K. A. and Ferguson, L. K. Appraisal of 
medical versus surgical treatment of idiopathic ulcera- 
tive colitis. Follow-up data on 50 cases. Am. 7 Med Sc 
202:59,1941. * 
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good results. Only two of the twenty patients 
who survived said that if they had it to do 
again they would not have ileostomy. The 
other eighteen unequivocally stated that 
if they had to go through it again they 
would chose the ileostomy in order to be 
rid of the disability under which they 
formerly labored. All the results were 
classified either as fair or good in twenty 
of the twenty-seven surgically treated pa- 
tients who had survived the follow-up 
period. The ability to work was also of 
interest. Only two of the medically treated 
patients had been able to resume their 
occupation whereas over half of those 
surviving ileostomy and colectomy had been 
able*to return to their normal occupations. 
Of those who were not able to do their 
normal work there were none who could 
not do light work. 

Dr. Stewart: I shouldjike to raise one 
question in connection with the report by 
Drs. Elsom and Ferguson. The fact that the 
medically treated group is made up of those 
that chose not to have surgery makes them 
questionable as valid controls. You wonder 
why they did not submit to surgery. Possibly 
it is a measure of the additional fear in 
which they live. This might lead to a less 
favorable prognosis and so the comparison 
of the two groups would be biased. Emo- 
tional factors do not seem to have been 
taken into account. 

Dr. Loeb: I would just like to express a 
word of caution in the appraisal of therapy 
in tins disease. As Dr. Lockwood pointed 
out, remissions in ulcerative colitis are 
common and may be of very long duration. 

I do not think it is unusual to find patients 
who have remissions of anywhere from one 
to perhaps five or ten years’ duration. On 
that account one has to be particularly 
careful with this group of patients, especially 
in view of the importance of the psychogenic 
factors which play a role when the patient 
feels that he is being helped by his doctor 
in any way whatsoever. By way of illustra- 
tionj you will recall that for a number of 
years the reports from the Mayo Clinic in 


relation to the vaccine of Bargen were most 
dramatic. 

Dr. George A. Perera: Early in the 
disease the medical man will urge con- 
servative treatment to which the surgeon 
will often agree. In the later stages of the 
disease, many surgeons believe that the 
process has become too advanced for the 
risks of an operative approach. Are there 
sufficient data on patients operated upon 
early in the course of the disease to justify 
a less conservative attitude at this point? 

Dr. Lockwood: It would be my impres- 
sion that the results of ileostomy would vary 
inversely with the duration of the disease; 
that an ileostomy done before advanced 
organic changes had taken place in the 
colon would be more likely to be successful 
than one performed late in the disease after 
extreme physiologic depletion and marked 
scarring of the colon had developed. Cer- 
tainly ileostomy should not be performed 
in every patient who develops an acute 
bloody diarrhea. However, if the patient’s 
condition continues to deteriorate from such 
a cause and if there is evidence of marked 
systemic reactions to the disease, one should 
not delay more than seven to ten days before 
resorting to ileostomy. This is a situation 
which calls for refined judgment and I doubt 
if there are sufficient statistics to provide a 
clearcut answer to the question. 

Doctor: Dr. Lockwood, would you com- 
ment on surgical interruption of nerve 
pathways in ulcerative colitis, specifically 
vagotomy? 

Dr. Lockwood: In connection with the 
possible role of the autonomic nervous 
system in this disease, there is an interesting 
experimental study going on now which has 
to do with the evaluation of vagotomy in the 
treatment of ulcerative colitis. Dr. Clarence 
Dennis of the University of Minnesota has 
now performed vagotomy in thirty patients 
with severe ulcerative colitis. Because it was 
recognized that this was a highly debatab e 
procedure, only severe cases have been 
selected. In this series, many of whom have 
now been followed for periods of up to 
eighteen months, there has been no oper 
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ative mortality. One patient is worse; four 
are no better and twenty-five are classified 
as definitely improved. 

The rationale for this procedure is rather 
tenuous, based on the fact that if a pre- and 
post-ganglionic sympathectomy is performed 
to remove the abdominal ganglia, an acute 
ulcerative process follows in many in- 
stances, both in the experimental animal 
and in one or two instances in which it has 
been performed in man. In trying out 
vagotomy Dr. Dennis simply was applying 
the reverse of this mechanism. We have 
done three vagotomies here on two patients 
who had very active disease and on one 
with only subacute disease in which the 
main problem was complicating leg ulcers. 
These three patients are now all in remis- 
sion. One has resumed his normal occupa- 
tion working on a farm; one is asymptomatic 
as far as the colitis is concerned but is 
suffering with severe arthritis as a com- 
plication. Although our series here is too 
small to be of significance, the results of 
Dennis suggest the possibility that one 
might apply “psychotherapy with the 
scalpel” in a fashion similar to that which 
has been carried out in the treatment of 
peptic ulcer. Final results will be awaited 
with great interest. 

Dr. Alfred Gilman: If the autonomic 
nervous system is to be implicated in this 
syndrome, it seems to me a very simple 
procedure to take one or two patients and 
block off both the adrenergic and cholinergic 
nerves to the bowel with tetraethylammo- 
nium and find out what happens to the 
lysozyme titer and clinical state of the 
patient. 

Dr. Prudden: We will try that. 

SUMMARY 

Dr. Frederick K. Heath: The manifold 
nature of the clinical picture of ulcerative 
colitis, from mild to severe; the admixture 
of other tissue responses such as dermatitis 
a nd arthritis; the tendency to important 
complications of anemia, malnutrition, ab- 
scess. formation, perforation, polyposis and 
carcinoma; the lack of correlation between 
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symptoms and the presence of bowel lesions, 
and the ever present possibility of remission 
were discussed. The position was taken 
that the etiology of the syndrome was 
unknown and that multiple causes may 
exist. Infection was discarded as an initiating 1 
factor although it often plays a secondary 
role. The place of allergy is not clear but is 
rarely important. The significance of the 
emotions was emphasized. The usual pa- 
tient with ulcerative colitis presents evidence 
of prior neurosis, has attacks after an 
emotionally upsetting event and exhibits a 
typical personality characterized by intelli- 
gence, immaturity, dependency, fear and 
well hidden rage. 

Lysozyme was discussed as offering a 
possible clue to the mechanism of the in- 
testinal phase of the syndrome. The enzyme 
in man is a basic protein of low molecular 
weight with the ability to destroy by 
hydrolysis a specific but not yet identified 
acid mucopolysaccharide of the intestinal 
mucus or mucosal cell. It is present in high 
concentration in the normal pyloric mucosa. 
The enzyme has been shown experimentally 
to be capable of denuding the mucosal 
surface of its protective layer of mucus and 
may thus initiate the ulcerative lesion. The 
mucosa and stools of patients with ulcera- 
tive colitis contain much larger amounts of 
lysozyme than in normal subjects or pa- 
tients with other types of diarrhea. Further, 
the concentration in the stools of patients 
with ulcerative colitis varies with their 
emotional state and falls with improvement 
in symptoms. 

The lysozyme hypothesis also offers a 
therapeutic approach. Thus it has been 
shown that nisulfazole and the alkyl sulfates 
inactivate the enzyme not only in the test 
tube, but in more than two-thirds of 
patients with severe ulcerative colitis treated 
with either of these substances improvement 
in symptoms and fall in the stool level of 
the enzyme have resulted. As yet insuffici- 
ent data are available to permit definite 
conclusions. 

The possible role of the autonomic nervous 
system in the syndrome as a mediator of 
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impulses necessary to activate the enteric 
mechanism, whether this be lysozyme or 
some other as yet unknown agent, was 
suggested by the experimental surgical 
trial of vagotomy. 

More clearly defined perhaps is the con- 
ventional surgical approach to the disease. 
When deformity of the colon, polyposis or 
possible carcinoma exist, some type of 
resection is indicated. Infection, such as 
abscess or perforation with peritonitis, 
demands surgical care. Many individuals 
with long continued disease not responding 
to other measures come to surgery by 
default. Others with severe acute disease 
may be candidates for ileostomy or colos- 
tomy, depending upon the site of the 
lesions, early in their course. Good results 
have been reported in all of these instances 


in a sizeable proportion of cases. The 
presence of an ileostomy has been a less 
serious problem when careful preoperative 
information and postoperative instruction 
and care have been given. 

However, if surgery has been decided 
upon, it appears clear that it should be 
considered before it is too late. The ultimate 
mortality figures in surgically treated pa- 
tients are no higher than in medically 
treated groups but surgical intervention 
may become beyond the tolerance of a 
severely debilitated patient. 

Yet the prospect of remission which 
remains utterly unpredictable as to its 
occurrence and duration continually be- 
clouds all investigative and therapeutic 
efforts so that evaluation of data remains 
difficult. 
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Anorexia, Weakness, Prostration and Death' 

i 

S tenographic reports, edited by Robert J. Glaser, m.d. and David E. Smith, Jr., m.d., 
of weekly clinico-pathologic conferences held in the Barnes Hospital, are published 
in each issue of the Journal. These conferences are participated in jointly by members of 
the Departments of Internal Medicine and Pathology of the Washington University 
School of Medicine and by Junior and Senior medical students. 


T he patient, O. H., (B. H. No. 
161061), a fifty-one year old, white, 
married, carpenter’s helper, was 
admitted to the Barnes Hospital on July 7, 
1948, in a terminal state. No history could 
be obtained from him and the following 
limited information was given by his wife: 
The patient had apparently enjoyed perfect 
health until two months before entry at 
which time he noted the onset of anorexia. 
Concomitantly, painful bleeding hemor- 
rhoids appeared and several weeks later 
the patient consulted a physician who 
performed a hemorrhoidectomy in his 
office. Shortly after the operation the 
patient returned to work but anorexia and 
rectal pain persisted and progressive weak- 
ness was noted. After working for one week 
the patient was unable to continue. 

He again consulted his physician who 
told the patient that he probably had 
“cancer of the stomach,” and the patient 
went to the Out-patient Clinic of the 
Barnard Free Skin and Cancer Hospital. 
Examination there revealed an ulcer 2 by 
2 cm. in the posterior portion of the anus 
at the mucocutaneous junction which was 
said to have resembled a squamous cell 
carcinoma. Upon digital examination a 
questionable soft tissue mass was felt on 
the anterior wall of the rectum. He was 
advised to enter the hospital for further 
study but no bed was available; therefore, 
hs name was placed on the waiting list. 

c began to have pain in the upper mid- 
abdomen which was constant but unrelated 


at no time was the pain severe. Anorexia 
and weakness increased, however, and in 
the week prior to admission during which 
the patient was able to take practically no 
food a state of prostration developed. In 
the two months he was ill he had lost 
approximately 25 pounds, but no change 
in the color of his skin had been noted nor 
had he had any diarrhea. On the day of 
admission he was brought to the Washing- 
ton University Clinics and immediately 
sent into the hospital. 

At the time of entry his temperature was 
38.2°c., pulse 80 and respirations 32; his 
blood pressure was unobtainable. The pa- 
tient was extremely cachectic and appeared 
ten to fifteen years older than his stated age. 
He was markedly dehydrated and hic- 
coughed frequently. His skin was brown 
and dusky in color but there was no 
localized pigmentation. The mucous mem- 
branes of the conjunctivae were pale; the 
sclerae were muddy. The lips were slightly 
cyanotic and there was minimal pigmenta- 
tion of the mucous membrane of the lower 
lip. The pupils reacted normally to light 
and accommodation and the optic fundi 
appeared normal. The mouth was edentu- 
lous and the tongue dry. The trachea was 
in the midline. Examination of the lungs 
revealed them to be clear to percussion and 
auscultation. The heart was not enlarged 
to percussion. The rhythm was regular; 
there were no murmurs but the sounds were 
distant. The abdomen was flat and tense. 
No masses could be felt and there was no 
edema. No generalized glandular enlarge- 


0 position, movement or ingestion of food; 
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ment was noted. Because of the patient’s 
extremely critical condition further ex- 
amination was deferred in order that treat- 
ment might be begun. 

Limited laboratory data were as follows: 
Hemoglobin, 15 Gm. per cent; white blood 
cell count, 7,000; urinalysis: no specimen 
could be obtained. Blood chemistry: non- 
protein nitrogen, 42 mg. per cent; sugar, 
214 mg. per cent (blood obtained after 
administration of intravenous glucose); 
chloride, 80 mEq./L.; total protein, 7.1 
Gm. per cent; albumin, 3.3 Gm. per cent; 
globulin, 3.8 Gm. per cent. 

As soon as the patient reached the ward 
5 per cent glucose in saline was adminis- 
tered intravenously into one arm and 
plasma into the other. The pulse seemed to 
become stronger but after approximately 
500 cc. of glucose and 250 cc. of plasma had 
been infused the patient suddenly had a 
convulsion and expired. 

CLINICAL DISCUSSION 

Dr. W. Barry Wood, Jr.: I should like 
to begin our discussion today by asking if 
any student cares to commit himself in 
regard to the, diagnosis. 

Mr. Donald Greaves: In view of the 
marked anorexia and the physical findings 
at the time the patient was examined at the 
Barnard Hospital, I should like to suggest 
carcinoma of the rectum with metastases 
to the liver. Such striking anorexia often 
indicates liver involvement. 

Dr. Wood: Does marked anorexia suggest 
an hepatic lesion to you, Dr. Shank? 

Dr. Robert E. Shank: Yes, I would 
agree that anorexia frequently is an impor- 
tant symptom of hepatic disease. 

Mr. Laurens White: I think that the 
patient had adrenal insufficiency, the severe, 
rather acute anorexia being explained by 
the low serum chloride. 

Dr. Wood: What pathologic lesions 
should be considered? 

Mr. Warren Felton: Tuberculosis, 
idiopathic atrophy or carcinoma might 
have caused adrenal failure. 


Dr. Wood: How would carcinoma lead 
to adrenal insufficiency? 

Mr. Felton: It would of course have had 
to involve both adrenals. 

Dr. Wood: If there are no other sugges- 
tions, we shall consider carcinoma of the 
rectum with metastases to the liver and 
adrenal insufficiency of a cause as yet unde- 
fined. Dr. Scheff, you will remember that 
this patient, in addition to his anorexia, 
was bothered by hemorrhoids. Is there any 
connection between these two complaints? 

Dr. Harold Scheff: I do not think so. 

Dr. Wood: If this patient had come to 
your office with these complaints, would 
you have recommended hemorrhoidectomy? 

Dr. Scheff: In such a situation as this I 
would have first obtained a complete 
gastrointestinal x-ray series. Further, stool 
examinations should have been done for 
occult blood and parasites. The soft tissue 
mass which was described on the anterior 
wall of the rectum when the patient was 
examined at the Barnard Hospital was 
probably not significant. Had it been a 
carcinoma the mass should have been very 
hard and indurated. 

Dr. Wood: Then you would have insti- 
tuted more complete studies because of the 
fact that his presenting complaints, particu- 
larly the anorexia, were not explained 
satisfactorily by the presence of hemorrhoids. 

Dr. Scheff: That is correct. 

Dr. Wood: I think it is very important 
for us to emphasize this point since the 
most obvious operable lesion does not 
necessarily represent the patient’s majoi 
problem. Dr. Duden, would you discuss 
the anal ulcer which this patient had and 
comment on the etiology of ulcers in the 
lower portion of the gastrointestinal tract? 

Dr. Charles W. Duden: Avery common 
type of anal ulcer in patients with hemor- 
rhoids is that which arises as a result 0 
local venous thromboses. Ulcerative colitis 
must also be considered. 

Dr. Wood: Is carcinoma a possibility? 

Dr. Duden: The site involved here is not 
common for carcinoma of the rectum. This 
type of lesion which was located at t ic 
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mucocutaneous junction brings to mind an 
epithelioma. 

Dr. Wood: This patient apparently did 
not develop the ulcer until after hemor- 
rhoidectomy. Is such a sequence of events 
common after that operation? 

Dr. Duden: Interestingly enough, the 
converse may hold; that is, an ulcerative 
lesion about the rectum may lead to 
thromboses of the hemorrhoidal vessels, 
and not infrequently hemorrhoidectomy is 
performed without the basic lesion having 
been recognized. I would not be at all 
surprised if such were the case here. 

Dr. Wood: Dr. Kenamore, do you 
believe that this patient had a malignant 
lesion of the lower bowel? 

Dr. Bruce D. Kenamore: I think it 
possible but unlikely. Although he was 
examined in the out-patient department 
of the Barnard Hospital where clinicians, 
who have had a wide experience with 
carcinoma, suggested that diagnosis, the 
entire clinical picture does not seem con- 
sistent with such an interpretation. I should 
like to point out in passing that the hemor- 
rhoidectomy was performed without due 
consideration of the patient’s general status. 

Dr. Wood: Should hemorrhoidectomy 
be done in office practice? 

Dr. Kenamore: I believe strongly that 
it should not. 

Dr. Wood: Is it not done frequently by 
physicians in their offices? 

Dr. Duden: Yes, that is unfortunately 
true. 

Dr. Wood: Dr. Kenamore, since you 
think that this patient probably did not 
have carcinoma of the lower bowel, can 
you offer any alternative suggestion? 

Dr. Kenamore: I believe that the ulcera- 
tion was more suggestive of tuberculosis or 
possibly amebiasis. The history is not in 
'ceping with amebiasis but occasionally the 
course may be atypical. 

Dr. Scheff: It is difficult for me to 
c icve that this man developed the anal 
u cer immediately after his hemorrhoidec- 
j 0n b ’ in that event, he certainly would 
ta\c had more difficulty postopera tively. 
Ap Rii., 1949 


Dr. Wood: Do you think he may have 
had carcinoma? 

Dr. Scheff: No, an inflammatory lesion 
such as tuberculosis seems more likely to me. 

Dr. Wood: I heard Dr. Hunter say before 
the conference that he had worked out a 
complete diagnosis for this case. / 

Dr. Thomas H. Hunter: I have been 
“scooped” by one of the students. I had in 
mind the suggestion, already put forth, that 
this patient had a malignant lesion of the 
gastrointestinal tract with metastases to the 
liver and to both adrenal glands, "with 
resultant adrenal insufficiency. He had 
marked anorexia and weight loss, both of 
which point to an upper gastrointestinal 
neoplasm. I agree that most of the evidence 
does not favor carcinoma of the lower 
intestine. 

Dr. Wood: Exactly what site in the 
gastrointestinal tract did you have in mind? 

Dr. Hunter: The stomach particularly. 

Dr. Wood: Does that possibility appeal 
to you, Dr. MacBryde? 

Dr. Cyril M. Macbryde: I think it is a 
good one; it must be remembered, however, 
that carcinoma with adrenal failure is very- 
rare whereas tuberculosis of the adrenals is 
quite common. Next to tuberculosis I should 
think of other forms of infection. The fact 
that this patient became much worse soon 
after hemorrhoidectomy brings to mind the 
possibility that he may have developed 
infection at the operative site which subse- 
quently spread to involve the adrenals. 

Dr. Wood: Then in addition to Dr. 
Hunter’s suggestion of metastatic carcinoma 
of the adrenals you would add tuberculosis 
or pyogenic infection. Do you believe that 
this patient had true adrenal insufficiency? 

Dr. Macbryde: He certainly died in a 
state that simulated adrenal insufficiency. 
He was severely dehydrated, in shock and 
hypochloremic. All of these findings are 
compatible with acute adrenal cortical 
failure. 

Dr. Wood: Dr. MacBryde, what further 
data would be helpful had they been avail- 
able? It is clear that this patient died so 
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soon after entry that complete studies were 
impossible. 

Dr. Macbryde: Blood potassium and 
sodium determinations would certainly have 
been of value. 

Dr. Wood: Would not the carbon dioxide 
combining power and the serum chloride, 
taken together, have been of some value in 
a situation such as this? 

Dr. Macbryde: I would prefer to have 
sodium and potassium determinations. 

Dr. Wood: I agree that those two would 
have been most valuable; on the other hand, 
measurement of carbon dioxide combining 
power is relatively simple to carry out and 
that value, taken with the serum chloride, 
enables one to estimate the blood sodium 
as a first approximation. When the flame 
photometer becomes readily adaptable for 
routine clinical determinations, it will 
serve as a most valuable aid in cases such 
as this. Dr. Moore, would you comment 
on the blood count in Addison’s disease. 
Would a differential count have been 
helpful? 

Dr. Carl V. Moore: A relative lympho- 
cytosis is seen in adrenal insufficiency but 
such a change is not diagnostic; of more 
value possibly is the eosinophil determina- 
tion which has recently been described by 
Thorn and his co-workers. 1 In a moribund 
patient, however, none of the diagnostic 
studies is very reliable. 

Dr. Wood: Gastrointestinal malignancy 
is one of the diagnoses under consideration. 
Do you believe that hemoglobin of 15 Gm. 
is consistent with such a lesion? 

Dr. C. V. Moore: The patient was 
markedly dehydrated. If he had survived 
until adequate hydration was achieved, his 
hemoglobin might actually have been only 
10 Gm. instead of the 15 Gm. recorded. 

Dr. Wood: Dr. Moore’s answer indicates 
how carefully one must evaluate all labora- 
tory data, particularly in a case such as this 
one. Although the blood sugar was re- 

1 Thorn, G. W., Forsham, P. F., Prunty, F. T. G. 

and Hills, A. G. A test for adrenocortical insufficiency. 
The response to adrenocorticotropic hormone. J. A. 
M. A., 137: 1005, 1948. 


corded as 214 mg. per cent, we cannot be 
certain that this patient on admission was 
not indeed hypoglycemic, since he received 
an infusion of glucose before the blood sugar 
determination was performed. And now 
Dr. Moore points out that the hemoglobin 
of 15 Gm. per cent may well represent an 
apparent rather than a real value in view 
of hemoconcentration. Laboratory data 
may be most misleading unless properly 
evaluated in the light of the particular cir- 
cumstances under which they are obtained. 

Student: 1 should like to know if the 
rapid downhill clinical course is compatible 
with a diagnosis of carcinoma of the body 
of the pancreas. 

Dr. Duden: I have never seen a patient 
with carcinoma of the pancreas fail as 
rapidly as this man did. 

Dr. Wood: The fulminating nature of 
this man’s illness favors adrenal insufficiency 
which may progress very rapidly indeed. 
Before we finish our discussion of the blood 
chemical findings I think it would be well 
to point out that the electrolyte changes 
might have been due to the fact that the 
patient had been vomiting. The electrolyte 
changes in Addison’s disease may be 
simulated by the vomiting of prolonged 
pyloric obstruction. However, Gamble has 
compared the electrolyte changes in pyloric 
obstruction and in Addison’s disease and 
has shown that there are significant differ- 
ences. 2 For example, in Addison’s disease 
the total base is depressed whereas the 
total base is not significantly depressed in 
pyloric obstruction. The carbon dioxide 
combining power, which was not deter- 
mined here, would have been of value m 
differential diagnosis since in excessive 
vomiting due to pyloric obstruction the 
carbon dioxide combining power is often 
elevated whereas in Addison’s disease it > s 
decreased. 

Dr. Robert J. Glaser: I should like to 
ask whether the lesion in the rectum was 
described at the time that the patient was 

4 Gamble, J. L. Chemical Anatomy, Physiology 
Pathology of Extracellular Fluid. 5th ed. Cambri gc, 
1947. Harvard University Press. 
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admitted to this hospital. Was a rectal 
examination done? 

Dr. Wood: Because this patient was in a 
terminal state when he entered the hospital, 
a complete examination could not be done. 
Dr. Chernoff, do you have any information 
in answer to Dr. Glaser’s question? 

Dr. Amoz I. Chernoff: No, I do not. As 
you have stated, because of the patient’s 
extremely critical condition, the rectal 
examination was omitted. 

Dr. I. Jerome Flance: I think it would 
have been very unusual for the anal ulcer 
to have been due to carcinoma in view of 
the fact that this patient had no symptoms 
two months prior to his death. Similarly, in 
regard to tuberculosis, patients who have 
tuberculous ulcers of this size at the muco- 
cutaneous junction of the rectum and anus 
in general have widespread tuberculosis 
involving other organs and exhibit signs of 
systemic illness over a longer period of time 
than did this man. 

Dr. Kenamore: I would agree with Dr. 
Fiance’s comments. I have never seen a 
tuberculous ulcer associated with carci- 
noma but they are reported. There are, 
however, occasional cases of gastrointestinal 
tuberculosis apparently unassociated with 
systemic tuberculosis, just as in Addi- 
son’s disease there may be no pulmonary 
tuberculosis. 

Dr. Wade: I do not think proper cog- 
nizance has been taken of the total protein, 
albumin and globulin determinations. The 
globulin was definitely elevated and that 
finding, in combination with hemorrhoids, 
anorexia and weakness, is compatible with 
a diagnosis of cirrhosis of the liver. Further, 
patients with cirrhosis may die in as short 
a time as this patient did. Despite the fact 
that some of the blood chemical findings 
suggest adrenal insufficiency, it is not 
paiticularly unusual for a patient with 
rapidly progressive cirrhosis to exhibit a 
similarly rapid downhill course, with a clini- 
cal picture suggesting adrenal exhaustion. 

Dr. Wood: How many patients with 
cirrhosis have you seen die as rapidly as 
this man did without jaundice? 
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Dr. Wade: Not many, but jaundice is 
often not severe in advanced cirrhosis and 
the statement was made here that this 
patient did have muddy discoloration of the 
sclerae. 

Dr. Wood: Dr. Chernoff, did you think 
that the patient was jaundiced? 

Dr. Chernoff: I was certain he was not 
jaundiced but his skin color was not normal. 
It was brownish-yellow and I can best 
describe it as being of a coppery cast. 

Dr. Wood: Dr. Taussig, does this picture 
suggest cirrhosis of the liver to you? 

Dr. Barrett L. Taussig: Cirrhosis is a 
possibility but it is difficult for me to under- 
stand how a patient without an alcoholic 
history could die from liver failure in two 
months after being apparently perfectly 
well. 

Student: I should like to know whether 
the albumin and globulin values are con- 
sistent with the diagnosis of Addison’s 
disease. 

Dr. Wood: The globulin was 3.8 Gm. 
per cent and the albumin 3.3 Gm. per cent. 
Are such values compatible with a diag- 
nosis of adrenal insufficiency, Dr. MacBryde? 

Dr. Macbryde: They are certainly not 
characteristic of Addison’s disease. 

Dr. Wood: Would chronic infection 
explain them, Dr. Harford? 

Dr. Carl G. Harford: Chronic infection 
is often associated with hyperglobulinemia.. 
Among the chronic infections one must 
certainly include tuberculosis. 

Dr. Duden: It seems conceivable to me 
that a less common type of tumor may 
have been present here. A rapidly growing 
neoplasm such as melanosarcoma would be 
consistent with a rapid downhill course and 
widespread metastases through the ab- 
domen which conceivably could have in- 
volved both adrenals. I think whatever type 
of neoplasm he had, if indeed he had one, 
involved both adrenals. 

Dr. Virgil Scott: Why did the patient 
have a convulsion? 

Dr. Macbryde: One of the manifesta- 
tions of acute adrenal insufficiency is 
disturbance in the central nervous system. 
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Many patients with Addison’s disease actu- 
ally die in epileptiform attacks, presumably 
on the basis of hypoglycemia. 

Dr. Schroeder: In view of the fulminat- 
ing course in this case I should like to ask 
Dr. MacBryde if he does not think that 
tuberculosis is an unlikely cause of the 
adrenal failure. 

Dr. Macbryde: In many patients with 
adrenal insufficiency tuberculosis is not 
recognized until postmortem examination. 
I do not believe that the course of the 
adrenal insufficiency is particularly helpful 
in determining its cause. 

Dr. Joseph C. Edwards: I should like to 
ask the gastroenterologists to comment on 
the relation of diarrhea to gastrointestinal 
malignancy. 

Dr. Duden: Diarrhea is found in associa- 
tion with carcinoma of the rectum in ap- 
proximately 18 to 20 per cent of the cases 
but more commonly constipation is seen. 
Those figures include carcinoma of the 
sigmoid and descending colon as well. 
Diarrhea is much more frequent when the 
malignancy involves the cecum and ascend- 
ing colon but it certainly does not occur in 
over 50 per cent of those patients. 

Dr. Wood: I should like to summarize 
the suggestions made by the students and 
by the staff before Dr. Moore presents the 
pathologic findings. If I sense the opinion 
of the group correctly, most of the staff 
members favor acute adrenal insufficiency 
caused by a lesion in the adrenal glands, 
presumably on the basis of tuberculosis or 
some other infection. The possibility of 
gastrointestinal malignancy with metastases 
to both adrenals has also been advanced as 
a cause of the adrenal insufficiency. The 
etiology of the anal ulcer remains obscure. 
The final clinical diagnoses made by the 
house staff at the time of the patient’s death 
were as follows: ?adrenocortical hypofunc- 
tion; Pneoplasm of unknown site. 

Clinical Diagnoses: Acute adrenal in- 
sufficiency, ?due to tuberculosis or other 
infection; Pgastrointestinal malignancy with 
metastases to both adrenals; Ptuberculous 


ulcer of the mucocutaneous junction of the 
anus. 

PATHOLOGIC DISCUSSION 

Dr. F. Bertoli: Advanced emaciation, 
pallor and a diffuse grayish brown dis- 
coloration of the skin were observed at the 
time of autopsy. No ulcerations were 
present on the skin surface. 

Both pleural cavities were obliterated 
by dense fibrous adhesions over the superior 
portions of the upper lobes of the lungs 
and on each side there was a small amount 
of clear, straw-colored fluid. The lungs 
weighed 640 Gm. Upon section of the right 
lung numerous extensive areas of caseation, 
marked fibrous thickening of the interlobar 
stroma, grayish pink, rubbery parenchyma 
and scattered miliary tubercles throughout 
the upper lobe were exposed. The middle 
and lower lobes contained numerous foci 
of caseation and round, grayish yellow, 
gritty, calcified nodules measuring 1 or 2 
mm. in diameter. A moderate amount of 
frothy fluid was present in the remaining 
parenchyma. 

The tracheobronchial and bronchopul- 
monary lymph nodes were enlarged, black 
and edematous with small caseous and 
calcified nodules. A secondary branch of 
the pulmonary artery leading to the upper 
lobe of the right lung was partially ob- 
structed by a grayish red thrombus firmly 
attached to its wall. The left lung con- 
tained similar but less advanced pathologic 
changes. 

The heart which weighed 280 Gm. was 
of normal size and appearance. 

The peritoneal cavity contained a small 
amount of clear yellow fluid and was free 
of adhesions. The spleen was slightly en- 
larged, weighing 200 Gm. The capsule was 
smooth and taut, and the pulp was abun- 
dant, dark red and firm; a few scattered 
calcified nodules 1 mm. in diameter were 
noted and the follicles were prominent. The 
liver weighed 1,950 Gm. The peritoneal 
surface was smooth and glistening and the 
cut surface smooth, firm and reddish brown 
with a prominent lobular pattern. The 
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kidneys, which weighed 180 Gm. each, 
were slightly granular on their cortical 
surfaces. 

The adrenals were approximately three 
times normal size; the right weighed 26.5 
Gm. and the left 38 Gm. They were covered 
by thick fibrous capsules. On section each 
presented a smooth, grayish yellow, firm, 
rubbery surface with dark red streaks and 
blotches. 

The stomach, duodenum and pancreas 
were not remarkable. The distal portion of 
the ileum contained a deep, oval ulcer in 
the mucosa 2.5 mm. deep; it had thick 
elevated borders which were studded with 
small tubercles and its base was dark red 
and covered with grayish yellow debris. 
The ulcer extended through the muscularis 
to the serosa which was likewise studded 
with small tubercles arranged in a linear 
pattern along the course of the lymphatics. 
In the adjacent mucosa and in the mucosa 
of the cecum there were numerous shallow 
ulcerations measuring 1 cm. in diameter 
with tiny tubercles about their borders. The 
corresponding mesenteric lymph nodes con- 
tained foci of caseation and some were 
replaced by a tough, grayish yellow tissue. 
White streaks accompanied by tubercles 
could be traced across the mesentery from 
the intestine to these nodes. 

The bladder and prostate were not 
remarkable. The right seminal vesicle was 
moderately enlarged and had a gray, thick 
wall which contained abundant loculated 
yellow, thick, granular material. The left 
seminal vesicle was not unusual. The vasa 
deferens and testes were not remarkable. 

The brain was not examined. The 
sternal, costal and vertebral bone marrow 
were not remarkable. 

Dr, Robert A. Moore: On the basis of 
the gross findings, it seemed apparent 
there was tuberculosis involving particu- 
larly the lungs, intestines, right seminal 
vesicle and adrenals. When, however, Dr. 
Margaret Smith reviewed this case shortly 
a ter the autopsy was performed, her astute 
mowledge of gross pathology enabled her 
to recognize that there were atypical 
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changes in the adrenal glands; they were 
too yellow and their consistency was rub- 
bery rather than friable as is the case in 
tuberculous caseation. Consequently, a 
frozen section was ordered and an addi- 
tional very interesting suspected diagnosis 
was immediately confirmed. The first sec- 
tion (Fig. 1) is from a paraffin block pre- 
pared later from the same tissue as the 
original frozen section. It represents all 
the adrenal gland which remained. From 
this and other sections it seems probable 
that 90 to 95 per cent of the adrenal cortex 
had been destroyed. This photomicrograph 
shows the edge of one of the foci of necrosis; 
about these foci there were large macro- 
phages but no true tubercles, epitheloid 
cells or giant cells. With higher magnifica- 
tion (Fig. 2) it can be seen that these large 
macrophages were filled with round or- 
ganisms with surrounding halos. The ap- 
pearance,' size and location of these or- 
ganisms was so typical the diagnosis of 
histoplasmosis of the adrenal glands was 
established. 

I want to point out that the diagnosis of 
histoplasmosis was not made unequivocally 
by Dr. Smith, but the gross appearance of 
the adrenals aroused her suspicions and 
led to the prompt search for some other 
diagnosis than tuberculosis. I emphasize 
this approach first to give credit to Dr. 
Smith for having suspected the correct 
diagnosis and, secondly, to reiterate what 
I often tell the students and staff, namely, 
that there is still a science of gross pathology. 
One does not need a microscope to make 
every diagnosis. 

Despite the hours which had elapsed 
from the time of autopsy till the frozen 
section was prepared, material was taken 
from the adrenal in an attempt to culture 
the organisms; even in the face of the gross 
contamination that had occurred Dr. Parker 
Beamer was able successfully to isolate 
typical cultures of the fungus. 

Despite this fascinating and rather start- 
ling finding, it must not be forgotten that 
most of the lesions were of a different nature. 
Figure 3 is from the lung and presents a 
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Fig. 1 . Section of the adrenal showing a small amount of normal cortex and a granulomatous reaction 
about a focus of necrosis. 

Fig. 2. Oil immersion photomicrograph showing Histoplasma capsulatum within macrophages in the 
adrenal. 

Fig. 3. Fibrocaseous tuberculous lesion in the lung. 

Fig. 4. Edge of a tuberculous ulcer in the ileum. The base of the ulcer lies to the left of the illustration. 


lesion with all the histologic characteristics 
of tuberculosis. There is a central caseous 
focus at the right of the photograph which 
is surrounded by epitheloid cells, lympho- 
cytes, a typical Langerhans giant cell and 
fibroblasts. 

In Figure 4 the margin of an intestinal 
ulcer is seen; the base lies to the left. The 
edge of the ulcer is elevated and covers a 
fibrous and granulomatous lesion in which 
there is the classical reaction to tuberculosis. 
Acid-fast organisms were demonstrated in 
the lesion by the Ziehl-Nielsen stain (Fig. 
5); thus it is established that this patient 
had both tuberculosis and histoplasmosis. 
Figures 6 and 7 illustrate additional typical 
tuberculous lesions in the spleen and right 
seminal vesicle, respectively. 

I think that the tuberculous involvement 
of the seminal vesicle explains the soft tissue 
mass described in the anterior wall of the 
rectum. At the time of autopsy the rectum 


was examined from the outside, but the 
region of the mucocutaneous junction was 
not removed because of consequent tech- 
nical difficulties in the repair of the body 
after such a procedure. We did not observe 
at the time of the autopsy any ulceration at 
the mucocutaneous junction. 

Figure 8 is a section of the thrombus in 
the pulmonary artery showing that it was 
considerably organized and had been in situ 
for some time. 

In summary, the anatomic findings indi- 
cate this patient had chronic tuberculosis 
involving the lungs, the intestine and the 
right seminal vesicle with a terminal miliary 
spread which was of no clinical consequence. 
This type of terminal spread is often ob- 
served in patients with chronic pulmonary 
tuberculosis and does not represent the 
disease entity of miliary tuberculosis. In 
addition there was histoplasmosis limited 
to the adrenal glands which brought about 
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Fig, 5, Rod-shaped, acid-fast organisms in epitheioid cells in the base of the ulcer in the ileum. (Oil 

immersion lens.) 

Fic. 6. Tubercle in the spleen. 

Fig. 7. Tuberculous inflammation of the right seminal vesicle. 

Fic. 8. Partially organized thrombus attached to the wall of the pulmonary artery in the right lung. 

sufficient destruction of the cortices to 
give the signs and symptoms of adrenal 
insufficiency. 

Final Anatomic Diagnoses: Caseous and 
fibrocaseous tuberculosis of all lobes of 
the lungs, especially in the upper lobes, with 
foci of caseous pneumonia; caseous and 
fibrocaseous nodules in the tracheobron- 
chial and bronchopulmonary lymph nodes, 
more marked on the right; fibrosis of the 
lungs, most advanced in the upper lobe of 
the right lung; tuberculous ulcers of the 
ileum and cecum with caseous necrosis of 
the wall of the ileum; caseous and fibro- 


caseous tuberculosis of the serosal surface 
of the ileum and the adjacent mesenteric 
lymph nodes; focal granulomas of the liver 
and spleen; tuberculous seminal vesiculitis, 
right; histoplasmosis of the adrenal glands, 
with caseous necrosis (Histoplasma capsu- 
latum cultured from postmortem tissues); 
partially organized thrombus in a second- 
ary branch of the right pulmonary artery. 

Editor’s Note: Reprints of these conferences are now 
avaiiabie. Requests should be sent to Dr. Robert J. 
Glaser, Department of Medicine, Barnes Hospital, 
St. Louis 10, Mo. 
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Mesencephalothalamotomy for Relief 
of Intractable Pain. E. A. Spiegel, 
M.D. and H. T. Wycis, M.D. { Introduced 
by L. A. Soloff, M.D.), Philadelphia, Penn- 
sylvania. (From the Departments of 
Experimental Neurology and Neuro- 
surgery, Temple University School of 
Medicine and Hospital.) 

A lesion of the long ascending pain-conducting 
pathways in the mid-brain is combined with a 
lesion of the dorsomedial nucleus of the thalamus 
by means of a stereotaxic technic. Since patients 
become unconcerned about their pain following 
prefrontal lobotomy and since the dorsomedial 
nucleus of the thalamus degenerates following 
this procedure, the lesion of this nucleus is added 
to that of the long ascending pain-conducting 
pathways in order to induce a relative indiffer- 
ence to pain perceived through the remaining 
auxiliary pathways. In a patient suffering from 
unilateral facial pain for six years, despite retro- 
gasserian rhizotomy, mesencephalothalamotomy 
on the opposite side abolished the pain com- 
pletely except for occasional paresthesias in the 
maxillary region. In a second patient suffering 
from diffuse burning pain and spasms in the 
right lower extremity following injury to the 
lumbar spine and which was unrelieved by 
sympathectomy, rhizotomy and bilateral chordo- 
tomies, bilateral mesencephalothalamotomy re- 
duced the painful area to the region around the 
right buttock while the spasms of the leg and 
the sensation of the muscular contractions 
persisted. 

Volume Changes in the Functional 
Divisions of Total Body Water Fol- 
lowing Therapy in Hypothyroidism 
with Pericardial Effusion. A . Sokal- 
chuk, M.D., C. T. Bello, M.D. {by 
invitation), E. M. Greisheimer, M.D. {by 
invitation), and L. A. Soloff, M.D., Phila- 
delphia, Pennsylvania. (From the Depart- 


, December 4, 1948. 

ments of Physiology and Medicine, Tem- 
ple University School of Medicine and 
Temple University Hospital.) 

Recently four consecutive cases of myxedema 
with so-called “myxedema heart,” usually at- 
tributed to a uniform dilation' of all cardiac 
chambers, were found to have pericardial 
effusion on aspiration. With use of the dye 
T-1824, sodium thiocyanate and percentage 
change in cellular hemoglobin, estimations were 
made before and after therapy in three of the 
aforementioned cases on plasma volume, blood 
volume, “available fluid space,” interstitial 
fluid volume and percentage change in the 
intracellular fluid volume. The small number 
of cases permits only a preliminary report at 
this time but since the total number of reported 
cases proven to have pericardial effusion by 
aspiration has been extremely meager, we 
believe we are justified in mentioning certain 
trends. 

The plasma and blood volumes are low in 
these cases and tend to increase under therapy. 
To date no significant change in interstitial 
fluid volume has been observed. Changes in 
plasma volume are reflected in “available fluid 
space” measurements. Intracellular fluid volume 
appears to decrease under therapy. 

Treatment of Hyperthyroidism with 
Radioactive Iodine. J. B. Johnson, 
M.D., Charles Ireland, M.D. {by invitation), 
R. F. Thomas, M.D. {by invitation) and 
Andrew Bass, M.D. {by invitation), Wash- 
ington, D. C. (From the Department of 
Medicine, Howard University Medical 
School.) 

This report presents a study of eleven patients 
with hyperthyroidism who were treated with 
1-131. The diagnosis was based on clinical 
manifestations, basal metabolic rate, blood 
cholesterol and galactose tolerance test. Five 
of the patients were previously treated unsuc- 
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cessfully with other methods, including propyl- 
thiouracil, vitamin A or subtotal thyroidectomy. 
The ages ranged from twenty-two to sixty-three 
years. The basal metabolic rate during the week 
preceding therapy ranged from +35 to +9.0. 
One dose of 1-131 consisting of 0.5 millicuries 
per estimated Gm. of thyroid was given. The 
basal metabolic rate and other tests of thyroid 
function were made at periodic intervals after 
treatment. 

During the first week after therapy the basal 
metabolic rate fell precipitously in all cases. At 
the end of ten weeks eight of the eleven patients 
showed clinical remission, marked reduction in 
the size of the thyroid, normal basal metabolic 
rate and associated return of the blood chemical 
findings toward normal. Another patient re- 
quired thirteen weeks for a clinical remission. In 
one patient observations have not been com- 
pleted. One patient can be classed as unsuccess- 
ful. In five of the eleven patients the metabolic 
rate continued to fall, going below —15. In 
each of these five subjects the basal metabolic 
rate spontaneously returned to normal from the 
hypothyroid level within six to twelve weeks. 
No serious complications were encountered in 
any of the patients. 

1-131 in adequate dosage is an effective drug 
in the management of hyperthyroidism. Exact 
dosage and the duration of remission with 1-131 
represent problems which are still unsolved. 

A Method for Measuring Comparative 
Velocities of the Cellular and Fluid 
Components of the Blood in the Periph- 
eral Circulation. Edward D. Freis, M.D., 
Joseph R. Stanton, M.D. and Charles P. 
Emerson, M.D., Boston, Massachusetts. 
(From the Evans Memorial Hospital, 
Boston University School of Medicine.) 

A method is described for measuring the 
comparative velocities of red cells and plasma in 
a single circulation through an isolated portion 
of the peripheral vascular bed in man. With the 
circulation to the hand occluded, a mixture of 
plasma labelled with T-1824 and of red cells 
abclled by means of selective agglutination dif- 
crcnces was injected instantaneously into the 
rachial artery. Simultaneously, and for one 
and onc-half minutes or longer thereafter sepa- 
rate blood specimens were collected every two 
or i\c seconds from a large antecubital vein of 
w same arm. The concentration of the dye 
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T-1824 and of the donor cells was measured in 
each specimen and the respective curves of 
concentration plotted against time. Because of 
the relatively large concentration of labelled 
substances injected in respect to the volume of 
the vascular bed perfused, concentration of the 
dye and tagged cells removed at the antecubital 
vein could be measured with considerable 
accuracy. 

Analysis of the time concentration curves so 
derived indicated that the mean velocity of the 
red cell mass consistently was greater than that 
of the plasma mass. 

Treatment of Pernicious Anemia with 
Crystalline Vitamin B 12 . Edward H. 
Reisner , Jr., M.D., {Introduced by Menasch 
Kalkstein, M.D . ), New York, New York. 

Vitamin B 12 , a crystalline cobalt complex 
isolated from liver, has been found to have 
tremendously high antipernicious anemia ac- 
tivity. It is believed to be the actual anti-anemic 
principle of liver. West and Reisner treated 
eleven patients with pernicious anemia in re- 
lapse with varying doses of Bi 2 . Maximal reticu- 
locyte responses were obtained from a single 
injection of as little as 6 gammas. The potency 
of the material as determined by these studies 
is slightly more than 1 international unit per 
gamma. Of the eleven patients five had com- 
bined system disease. The early cord lesions 
were completely relieved and later manifesta- 
tions vastly improved by Bi 2 therapy. Vitamin 
Bi 2 sufficed to bring about full remission of the 
blood count in patients maintained on it. It is 
not known yet what the relationship is between 
• Bi 2 , pteroylglutamic acid and thymidine. 

Treatment of Primary Atypical Non- 
bacterial Pneumonia with Aureomy- 
cin. Emanuel B. Schoenbach, M.D. and 
Morton S. Bryer, M.D., Baltimore, Mary- 
land. (From the Department of Pre- 
ventive Medicine, Johns Hopkins Uni- 
versity School of Medicine.) 

Primary atypical non-bacterial pneumonia 
has been extensively investigated during the 
past seven years and no therapeutic agent has 
been found to influence the course of the disease. 
Ten patients with primary atypical non-bacterial 
pneumonia have been treated with oral aureo- 
mycin, a new antibiotic derived from cultures 
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of Streptomyces aureofaciens. These patients 
were ten to fifty-nine years of age and had been 
ill for one to nine days before aureomycin 
therapy was instituted. The diagnosis was es- 
tablished by history of non-productive cough, 
fever, headache, chills, positive x-ray evidence 
of pulmonary consolidation, relative leukopenia, 
essentially negative bacteriologic examination 
and by serologic studies. The latter included 
tests for the presence of cold agglutinins, ag- 
glutinins for the streptococcus MG, antibodies 
for Q fever, influenza and the psittacosis group 
on serial bleedings. 

The patients treated with aureomycin became 
afebrile within twenty-four to seventy-two 
hours. Most patients were afebrile in less than 
forty-eight hours. In only one patient, with 
extensive involvement of four lobes, the tem- 
perature fell precipitously but did not become 
normal until seventy-two hours after institution 
of aureomycin therapy. The clinical response 
of these patients paralleled the rapid deferves- 
cence of fever. Convalescence was uneventful 
except for mild transitory thrombophlebitis in 
one patient and probable thrombosis and 
leukocytosis several days after the drug had 
been stopped in another. Both these patients 
had developed high titers of cold agglutinins 
during this period. 

The drug was well tolerated and no toxic or 
untoward reactions were noted. The total 
amount of drug administered varied from 3.8 
to 8.0 Gm. over a five to seven-day period. 
Aureomycin has not been noted to have an 
antipyretic effect in many other infections. 

These results indicate that aureomycin may be 
a valuable therapeutic agent for the treatment 
of primary atypical non-bacterial pneumonia. 

Tuberculous Peritonitis Treated with 
Streptomycin. Thomas McP. Brown, M.D. 
and Ruth H. Wichelhausen, M.D. ( intro- 
duced by Joseph F. Sadnsk, Jr., M.D.), 
Washington, D. C. (From the Medical 
Department, Veterans Administration 
Hospital.) 

Two patients with tuberculous peritonitis 
were treated with streptomycin and the clinical 
records of twenty-four additional patients treated 
in various Veterans Administration Hospitals 
were reviewed by the authors. Duration of treat- 
ment varied between 25 and 164 days; total 
dosage of streptomycin was between 43 and 


349 gm. Response to treatment was manifested 
chiefly by subsidence of fever and ascites, ame- 
lioration of abdominal symptoms, a feeling of 
general well being and gain of weight. The 
peritoneal involvement responded favorably in 
twenty-four of twenty-six cases regardless of 
duration of symptoms prior to therapy. Several 
patients developed new tuberculous lesions 
elsewhere during or after streptomycin therapy 
but recovered clinically from the peritonitis. 

Twenty-two of twenty-six patients had no 
significant abdominal symptoms after cessation 
of therapy. Two patients relapsed and responded 
to a second course of streptomycin. There were 
two deaths, one patient with pulmonary and 
peritoneal involvement failed to show definite 
response to therapy and the other showed 
temporary improvement with relapse and sub- 
sequent death when the drug was discontinued 
because of toxicity. In six of the patients who 
received less than 80 Gm, of streptomycin two 
deaths and one relapse were observed. There 
were no deaths and one relapse in the remaining 
twenty patients who received 86 Gm. or more 
of streptomycin. Follow-up observations have 
been possible in nineteen patients, ten have 
been followed for six to eighteen months and 
nine for less than six months. 

Three patients were re-explored electively 
shortly after cessation of therapy and striking 
improvement was demonstrated. All three have 
remained clinically well for six to twelve months. 
Two biopsy reports are available. One patient 
showed no microscopic evidence of tuberculosis. 
The histologic diagnosis in the other was 
tuberculosis of the peritoneum. 

The interpretation of the final results . of 
streptomycin therapy in tuberculous peritonitis 
must await prolonged observation. 

BCG Vaccination in Sarcoidosis. Harold 
L. Israel, M.D., Maurice Sones, M.D. and 
Samuel C. Stein, M.D., Philadelphia , Penn- 
sylvania. (From the Woman’s Medical 
College of Pennsylvania and The Henry 
Phipps Institute of the University of 
Pennsylvania.) 

Since the relationship between sarcoidosis 
and tuberculosis remains questionable, an 
attempt was made to ascertain the response of 
patients with sarcoidosis to artificial inoculation 
with living, avirulcnt tubercle bacilli. Intra- 
cutaneous BCG vaccination has been per- 
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formed with cultures and technic that produces 
conversion to positive tuberculin reaction in 
93 per cent of normal persons. 

Eighteen patients with sarcoidosis have been 
vaccinated with BCG. Three of these patients 
early in the study had strong clinical and 
laboratory evidence to support the diagnosis 
but biopsy material was not available. More 
recently vaccination has been restricted to 
patients with typical histologic lesions. In many 
cases guinea pig inoculation of the material has 
been performed. Two patients have been vac- 
cinated twice. Sixteen patients have been under 
observation for three months or more and have 
had tuberculin tests after vaccination. None 
became positive to first strength PPD, nine 
became positive to second strength PPD, three 
had doubtfully positive reactions to second 
strength PPD and four had negative reactions. 
Of the nine who had positive reactions five have 
subsequently changed to negative. 

Preliminary results indicate an inability on 
the part of sarcoid patients to develop and 
maintain tuberculin allergy. Study is now in 
progress to determine whether this immunologic 
defect is specific or general. 

Serum Complement in Rheumatic Fever 
and Other Conditions. Edward E. Fis- 
ckel, M.D., New Tork, New York. (From 
the Department of Medicine, Columbia 
University College of Physicians and 
Surgeons and the Edward Daniels Faulk- 
ner Arthritis Clinic of The Presbyterian 
Hospital.) 

Quantitative serial studies were made of total 
serum complement (O') in normal subjects and 
in various pathologic conditions, using the 
spectrophotometric technic for determination 
of the 50 per cent hemolytic unit with optimal 
concentrations of magnesium and calcium 
according to Hcidelberger and co-workers. 
Repeat determinations gave values of +1.1 
units. 

The C content of a series of normal sera was 
^•6 ±3.9 units per ml. Low C' levels (11-20 
units) were found in certain allergic states such 
j> s seium sickness and also in acute glomeru- 
onephritis. Gradual restitution of C' occurred 
"•uh recovery. High C' levels (51 to 89 units) 
were found j n some drug allergies, in thirty-one 
0 ! 5!rt y-lhree cases of rheumatic fever followed 
seria \ and in other febrile illnesses. Only two 
Ar *n., t949 
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patients with rheumatic fever were found with 
a low C' which gradually became normal. 
The elevated C' in rheumatic fever appears 
to be a sensitive criterion of activity of the 
rheumatic process. Occasionally recrudescences 
were seen with an initially normal sedimentation 
rate and an elevated C'. 

The low complement level in serum sickness 
may be due to fixation of C' by an antigen- 
antibody complex. However, low levels in this 
and other conditions may be due to other 
causes, such as an increase in gamma globulin 
and other anticomplementary substances or a 
diminished production of complement. 

Reduction in Circulating Eosinophils 
following Epinephrine, Insulin and 
Surgical Operations. Thomas P. Almy, 
M.D. and John H. Laragh, M.D. (by 
invitation), New Tork, New Tork. 

Reduction of the absolute number of circu- 
lating eosinophils following pituitary adreno- 
corticotrophic hormone (ACTH) has been 
shown to depend upon the presence of normally 
functioning adrenal cortices. The adrenal cortex 
of animals is known to be stimulated by epine- 
phrine, by insulin and by non-specific stress. 

In the present work twenty healthy persons 
given 0.5 cc. of T 1,000 epinephrine subcu- 
taneously responded with a fall in circulating 
eosinophils within three hours, averaging 56 per 
cent of the initial count. In twelve subjects given 
intravenous insulin (0.1 unit 1 Kg.) the eosino- 
phil count fell an average of 57.5 per cent in 
four hours. Profound eosinopenia was noted 
three to eight hours following surgical operations 
in fourteen of fifteen subjects, the average drop 
being 85 per cent. 

The response to epinephrine or insulin was 
diminished or absent (average fall 6.8 per cent) 
in four subjects with adrenal insufficiency and in 
two patients with hypopituitarism. The response 
was normal (average fall 55.2 per cent) in six 
patients with pituitary tumors in which hypo- 
pituitarism was", absent. The response was 
exaggerated (average fall 82 per cent) in five 
patients with essential hypertension. 

The Nature of the Coagulation Defect 
in Hemophilia: Studies on Platelet- 
free Plasmas. Robert C. Hartman, M.D,, 
C. Lockard Conley , M.D. and John S. 
Lalley, M.D. ( introduced by George S. 
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Mirick , M.D. ), Baltimore, Maryland. (From 
the Division of Clinical Microscopy, 
Department of Medicine, Johns Hopkins 
University and Hospital.) 

By means of silicone-treated apparatus and 
high speed centrifugation at low temperatures, 
platelet-free plasma can be prepared without 
the use of anticoagulants. This plasma remains 
fluid at 2°c. for at least several days. Invariably 
normal platelet-free plasmas clot in a relatively 
short time when transferred to glass tubes at 
37°c., but in silicone-treated tubes the clotting 
time is greatly prolonged and with perfect 
technic no clotting at all may occur. On the 
other hand, hemophilic platelet-free plasmas 
are spontaneously incoagulable in both glass 
and silicone- treated tubes at 37°c. No evidence 
was found for the existence of a clotting in- 
hibitor in the plasmas from the uncomplicated 
cases of hemophilia studied. The authors con- 
cluded that in normal plasma an inactive 
thromboplastin exists which can be activated 
by contact with surfaces which can become 
wet. This factor is apparently deficient in 
hemophilic plasma. This inactive plasma throm- 
boplastin shows the same physiologic activity 
and may be identical with the antihemophilic 
globulin of Patek and Stetson. 

The Clotting Mechanism in Liver Dis- 
ease: A Preliminary Report. W. J. 
Harrington , M.D., C. Crow, M.D., H. 
Minkel , M.D., J. Des/orges, M.D. (by 
invitation ) and R. Manheimer, M.D. (by 
invitation), Boston, Massachusetts. (From 
the 1st and 3rd Medical Services (Tufts) 
Boston City Hospital.) 

It has been observed that in diffuse liver 
disease a tendency to abnormal bleeding occurs, 
often unassociated with significant alteration of 
the prothrombin clotting time. Nor has the 
clotting time (C.T.) in glass consistently revealed 
any coagulation defect. This is a report on the 
investigation of sixty-five patients; studies in- 
cluded clotting times in glass and in silicone- 
coated tubes and one-stage prothrombin clotting 
times. 

In thirty cases of Laennec cirrhosis twenty-two 
patients showed prolonged C. T. in silicone 
while only one was prolonged in glass. In two 
cases of toxic cirrhosis normal C. T. were found 
and this was true of two cases of cholangiolitic 


hepatitis. In fifteen cases of infectious hepatitis 
all clotting times were prolonged in silicone and 
four were prolonged in glass. In four cases of 
acute obstructive jaundice there were two 
slightly prolonged C. T. in silicone and none 
in glass. Of seven cases of chronic obstructive 
jaundice all had prolonged clotting time in 
silicone and five were prolonged in glass. In 
five cases of metastatic cancer to the liver one 
patient showed a slightly prolonged C. T. in 
silicone. 

There was no relationship between the pro- 
longed clotting time in silicone and the pro- 
thrombin clotting time unless prothrombin 
clotting time was below 30 per cent of normal. 
In this instance, except in two cases, all the 
clotting tests in silicone were prolonged. 

- Evidence that Dyes Used in Testing 
Liver Function are Removed by He- 
patic Parenchymal Cells Rather Than 
by Kupffer 'Cells. Albert L. Mendel off, 
M.D. (introduced by Kendall Emerson, Jr., 
M.D . , Boston, Massachusetts. (From the 
Evans Memorial, Massachusetts Hospitals 
and the Department of Medicine, Boston 
University School of Medicine.) 

Although certain intravenously administered 
dyes have been used in the assessment of hepatic 
function for years, the exact mechanisms by 
which the liver removes them from the blood 
are poorly understood. The relative importance 
of the hepatic parenchymal cells and the Kupffer 
cells in the removal of the dyes has not yet been 
ascertained. 

The dye rose bengal (tetrachlor-tetraiodo- 
fiuorescein), w r as found to emit an orange-brown 
fluorescence in ultraviolet light of wavelengths 
3150 to 3650 Angstroms. Tissues stained with 
1 to 2 per cent solutions of this dye emitted 
strong fluorescence which was readily observed 
by long ultraviolet light through glass con- 
densers, mirror and slides. 

Aqueous solutions of the dye (1 to 2 per cent) 
were administered intravenously to twenty 
rabbits; liver and splenic biopsies were taken 
from one to fifteen minutes thereafter.. T ie 
tissues were immediately frozen and cut in 
micra sections, floated on water and mountcc ■ 
The characteristic sustained fluorescence of rose 
bengal was noted constantly in the hepatic 
parenchymal cells; no such fluorescence "as 
seen in the Kupffer cells which emitted their 
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characteristic yellow-green, rapidly fading flu- 
orescence. The fluorescence due to rose bengal 
was absent or very faint in splenic tissue and 
apparently when present was located in the 
sinusoids rather than in the parenchyma. 

Since other evidence obtained in this labora- 
tory, in man, shows that the hepatic uptake of 
rose bengal is slowed or blocked by simultane- 
ously-administered bromsulfalein, it is suggested 
that normal removal of these dyes from the 
blood stream is a function of the hepatic paren- 
chymal cells rather than of the Kupffer cells. 

Diagnosis of Carcinoma of the Biliary 
Tract and Pancreas by Smears of 
Exfoliated Cells in Duodenal Drain- 
age. W. W. Byrnes , M.D., H. M. Lemon , 
M.D. and G. F. Miller , M.D. , {introduced 
by Kendall Emerson , Jr., M.D), Boston, 
Massachusetts. 

The cytology of the duodenal drainage in a 
series of over thirty-five diagnostic problems 
has been investigated with a modification of 
Papanicolaou’s method for staining exfoliated 
cells. The technic of Lyons has been used in the 
drainage. The series includes twelve patients 
with carcinoma of the liver, extrahepatic biliary 
tract, pancreas and stomach, most of which 
have been verified pathologically. In this small 
series 90 per cent accuracy has been achieved 
in providing histologic indications for surgical 
intervention in cases of cancer of the bile ducts 
and pancreas. There has been a very good cor- 
relation between tumor cytology and the sus- 
pected malignant cell clumps in duodenal 
drainage. It is believed that this method will 
provide a means of earlier diagnosis of primary 
and secondary cancers of the liver, bile ducts, 
ampulla of Vater, and pancreas since even 
tumors less than 2 cm. in diameter have yielded 
highly characteristic cytology. 

Diagnostic Value of Differentiating 
between Morphologically Identical 
Cells by Tissue Culture. Machteld E. 
Sano > Ai -D. and Carmen T. Bello, M.D., 
Philadelphia , Pennsylvania. (From the De- 
partment of Research Pathology and the 
cpartmcnt of Internal Medicine, Tem- 

Pic University Hospital and Medical 
ochool.) 

„ T h f his toP athoio g ic study of pleural effusions 
}tnpi nodes is frequently disappointing. 
•M'IUl, 1949 
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This is especially true in cases in which the 
clinical diagnosis is obscure and in which 
cytologic study is the last hope for obtaining a 
clear cut diagnosis. In the last ten years the 
study of lymph nodes by tissue culture has 
shown that cells originating from tissues with 
similar histopathology and morphology may 
grow quite differently. The study of pleural 
effusions also has shown that cells which appear 
morphologically identical behave differently 
in a tissue culture. This is especially true of 
idiopathic effusions of which we present three 
cases to illustrate our point. 

The history of the first patient and the clinical 
picture suggested metastatic tumor. X-ray of 
the spine also suggested multiple metastases. 
Histopathology revealed lymphocytes, mono- 
cytes and occasional neutrophils. On tissue 
culture there was rapid development of giant 
cells with a granular center and multiple nuclei. 
There were epithelioid cells and lymphocytes. 
A diagnosis of tuberculosis was made. The 
patient died of meningitis and a positive culture 
of Koch bacilli was obtained from the spinal 
fluid. 

The second case, a sixty-five year old woman, 
presented fluctuating temperature and pain 
in the right side of the chest. Cytologic study of 
the pleural effusion was not revealing. Tissue 
culture showed rapidly developing cells with 
bi- and trilobed nuclei. The small lymphocytes 
showed numerous mitoses. A diagnosis of 
malignant lymphoma was made, probably a 
reticulum cell sarcoma with some of the charac- 
teristics of a lymphosarcoma. This was con- 
firmed at a later date by biopsy of a lymph node. 

In the third case the tentative clinical diag- 
nosis was lung tumor. In tissue culture the 
lymphocytes, monocytes and occasional neu- 
trophils showed very little activity and rapidly 
disintegrated. This behavior suggested a regres- 
sive process. The patient after thoracentess 
recovered rapidly and has been well these last 
six months. 

The Diagnosis of Angina Pectoris — A 
New Approach. Herbert R. Brown, Jr., 
M.D. and Marvin J. Hoffman, M.D. {by 
invitation ), Rochester, New York. (From the 
Department of Medicine, University of 
Rochester School of Medicine and Den- 
tistry and Medical Clinic of The Strong 
Memorial and Rochester Municipal 
Hospitals.) 
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The atypical case of angina pectoris is often 
missed or confused because of the lack of ob- 
jective diagnostic criteria. A new approach to 
more accurate diagnosis correlates elements of 
history, physical findings, the electrocardiogram 
when positive and the ballistocardiogram. 

The patients were divided as follows into four 
groups based upon symptomatology: (1) typical 
cases of angina pectoris without a history of 
coronary failure or coronary occlusion, (2) 
typical cases of angina pectoris with a history of 
coronary failure, (3) coronary thrombosis with 
myocardial infarction and (4) the atypical 
cases in which ascertaining the presence or 
absence of coronary artery disease is at present 
done with considerable uncertainty. 

The most significant positive factor in this 
series was the establishment of a correlation 
between the definite cases of angina pectoris 
and abnormal ballistocardiographic tracings. 
The first ballistocardiographic evidence of 
abnormality is an increased respiratory varia- 
tion brought about by a decreased amplitude 
during expiration. This probably results from a 
decreased venous return. Further abnormalities 
are indicated by the presence of irregularity, 
lack of definition and decreased amplitude 
throughout all of the wave patterns. The cases 
of coronary failure and myocardial infarction 
revealed through the ballistocardiogram a more 
severe degree of impairment. This relationship 
was next used to detect the presence or absence 
of coronary artery disease in atypical cases. This 
approach represents a means of diagnosing 
angina pectoris, typical or atypical, with a 
consistency heretofore unobtainable. 

Effect of Epinephrine, Aminophylline 

AND DlGITOXIN ON THE OXYGEN CON- 
SUMPTION of Rabbit Heart Slices. 
Leon Levinson, M.D. and Mark Aisner, 
M.D., Boston, Adassachusetts. (From the 
Departments of Physiology and Medi- 
cine, Tufts College Medical School.) 

Vasopressor substances have generally been 
regarded as contraindicated in the shock-like 
state following myocardial infarction. Such sub- 
stances are believed to cause an increase in the 
oxygen consumption of the myocardium pro- 
portionally greater than the accompanying 
increase in contractile force, and thus to en- 
danger the tissue in the hypoxic border of the 
infarct. Digitalis is also generally withheld from 


patients with recent myocardial infarcts for 
similar reasons. Aminophylline, on the other 
hand, is often given freely although evidence 
has been presented indicating that this drug 
may also increase the work of the heart. 

Slices of rabbit heart were suspended in a 
glucose-containing modified phosphate-buffered 
Ringer’s solution and oxygen consumption 
determined by the Warburg technic. No statis- 
tically significant effect upon oxygen consump- 
tion occurred when epinephrine (1 by 10~ 5 and 
1 by 1 0~" 7 ), digitoxin (2 by 10" 5 and 2 by 10" 7 ) 
or aminophylline (1 by 10 -4 ) was added. The 
lower concentrations employed approximate 
clinical dosage. 

The oxidative metabolic mechanism of non- 
contracting heart muscle is thus unaffected by 
these drugs. These substances, however, have 
definite effects on the metabolism of contracting 
muscle as measured in the Gold papillary mus- 
cle preparation. In the dog ligation of a coronary 
artery leads to immediate cessation of contrac- 
tion of the involved area. So far as non-con- 
tracting tissue is concerned administration of 
epinephrine, aminophylline or digitoxin has no 
apparent effect. 

Myocardial Lactate and Pyruvate Met- 
abolism Studied in Normal and Hy- 
perglycemic Intact Dogs by Coronary 
Sinus Catheterization. Walter T. Good- 
ale, M.D., Donald B. Hacfcel, M.D., 
Martin Lubin, M.D. and Pauline P. Wilson , 
M.D. ( introduced by Kendall Emerson, Jt ., 
M.D . ), Edgewood Arsenal, Maryland. (From 
the Medical Division, Army Chemical 
Center.) 

Preferential utilization of lactate and pyruvate 
by heart muscle has been demonstrated, but 
never under normal physiologic conditions. 
Development of a technic of catheterizing the 
coronary sinus under fluoroscopic control, how- 
ever, has made it possible to study myocardia 
metabolism in both nembutalized and unan- 
esthetized intact dogs. 

Coronary arteriovenous differences were esti- 
mated from blood samples drawn simultane 
ously from femoral artery and coronary sinus. 
Coronary blood flows were measured by t c 
nitrous oxide method. Total myocardial utiliza 
tion was the product of two independent 
variables: (1) coronary blood flow and ( / 
coronary arteriovenous difference. In norma s, 
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coronary arteriovenous lactate and pyruvate 
differences were, in turn, closely and directly 
correlated with the respective arterial blood 
levels. 

The mean myocardial lactate utilization was 
7.5 mg. per 100 Gm, of heart muscle per min- 
ute, and pyruvate utilization was 1.1 mg., with 
a mean myocardial oxygen consumption of 
12 cc./lOO Gm./min. Assuming complete 
oxidation of lactate and pyruvate in the heart, 
the amounts removed could together account 
for anything up to 80 per cent of the current 
myocardial oxygen consumption, this percent- 
age depending in the normal almost entirely 
upon the arterial levels of each metabolite. No 
myocardial glucose utilization was demonstrable 
and no ketone body utilization was found at 
normal levels. In hyperglycemia from glucose 
infusion, lactate and pyruvate blood levels rose 
but with the same myocardial lactate and pyru- 
vate utilization compared to their arterial levels 
as was found in normals. 

Lactate and pyruvate thus appear to be pre- 
ferred sources of energy for the myocardium 
and are increasingly utilized as their arterial 
levels and the coronary blood flow rise. Glucose, 
even when present in excess, apparently does 
not compete with lactate or pyruvate for myo- 
cardial utilization. These facts may help to 
explain logically the excellent adaptation of 
the heart to stress or to the increased work of 
severe exercise. 

Electrolyte Changes in Congestive 
Heart Failure: Effects of Administra- 
tion of Potassium and Sodium Salts. 
Charles L. Fox, Jr., M.D., Charles K. 
Friedberg, M.D. and Abraham G. White, 
M.D. [by invitation), New York, New York. 
(From the Department of Bacteriology, 
College of Physicians and Surgeons, 
Columbia University and the Medical 
Service, Mt. Sinai Hospital.) 

The electrolyte pattern of the plasma, edema 
fluid and urine during acute congestive heart 
failure and after recovery was investigated to- 
gether with the effects of administering various 
mixtures of potassium and sodium salts. 

With chronic congestive heart failure, the 
plasma sodium was subnormal (112 to 1 32 mEq. 
per L.) in nineteen patients; two patients had 
ugh values (148 and 150); five patients ranged 
tom 133 to 142. Plasma chlorides did not 
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parallel sodium; they were reduced in nine 
patients (93 to 101 mEq. per L.) and elevated 
in twelve patients (106 to 112 mEq. per L.) with 
four in the normal range (101 to 106 mEq. per 
L.). Plasma potassium was subnormal in ten 
(2.3 to 3.5), above normal in three (5.4, 5.8 and 
7.3) and normal (4 to 5) in six. After recovery 
from failure measurements were repeated in 
five patients and plasma sodium increased from 
4 to 15 mEq.; plasma potassium when subnor- 
mal also increased (3.0 and 3.2 going to 5.0 and 
5.2, respectively). 

After injection of a mercurial diuretic but 
before the onset of diuresis, changes in the 
electrolyte composition of the edema fluid were 
observed. With diuresis, marked changes in the 
electrolyte pattern of the urine resulted. The 
administration of NaCl or KC1 resulted in 
positive chloride balances and weight gain. 
When these cations were given with organic 
anions, little or no weight gain occurred despite 
the markedly positive sodium balance. Simul- 
taneous administration of K acetate and NaCl 
diminished the weight gain and positive chloride 
balance. 

In these studies gain or loss of weight did not 
appear to be a simple function of sodium bal- 
ance. The observations suggest that intracellular 
and extracellular ionic relationships may play 
a part in the phenomena of congestive heart 
failure. 

Life Situations, Emotions and Human 
Colonic Function. William J. Grace, 
M.D., Stewart Wolf, M.D. and Harold G. 
Wolff, M.D. {by invitation ), New York, 
New York. (From the Departments of 
Medicine and Psychiatry of the New 
York Hospital and Cornell University 
Medical College.) 

We have had a unique opportunity to study 
the behavior of the human colon in two fistulous 
subjects, with particular emphasis on the influ- 
ence of emotions and feeling states. Subject A 
had a large prolapse of the ascending colon and 
cecum through a cecostomy wound. Subject B 
had a large prolapse of the descending colon 
and sigmoid through a colostomy incision. 

Our findings indicate that situations pro- 
ductive of anger, guilt, resentment and hos- 
tility are accompanied by hyperfunction of the 
large bowel. This hyperfunction is manifested 
by an increase in motor activity, blood flow, 
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lysozyme production and usually mucus secre- 
tion. In severe induced pain under experimental 
circumstances there was intense fear and fright 
and a pallor and relaxation of the large intestine. 
Increase in motor activity, blood flow and secre- 
tion of the large bowel occurred regularly follow- 
ing ingestion of an average meal. However, in 
one of our subjects little change in activity was 
noted when he was in a period of low spirits, 
dejection and mild depression. Other threats to 
bodily and personal integrity, such as sigmoido- 
scopic examination, personality study and hav- 
ing the patient perform a psychometric test, 
resulted in an increase in motor activity and 
blood flow. A period of sustained anger, resent- 
ment and hostility resulted in a profuse eruption 
of petechiae throughout the surface of the 
exposed colon. 

Comparative Study of the Effects of 
Milk and Hydrolyzed Protein on 
Gastric and Duodenal Bulb Activity 
in Duodenal Ulcer. Mieczyslaw . S. 
Lopusniak , M.D. ( introduced by Irwin J. 
Pincus, M.D.), Philadelphia , Pennsylvania. 
(From the Graduate Hospital of the 
University of Pennsylvania.) 

The studies on which this report are based were 
undertaken: (1) to observe the effects of an 
aqueous mixture of casein hydrolysate, dextrins 
and maltose on the acidity of the contents of 
both the duodenal bulb and pars pylorica in 
patients with active duodenal ulcer and (2) to 
compare these effects with those of milk and a 
mixture of milk and cream. Eleven patients with 
clinical and roentgenologic evidence of active 
duodenal ulcer were selected for study. The 
amount of each foodstuff and the frequency of 
administration were so chosen as to duplicate 
clinical methods of treating ulcers which 
utilize these substances. Material was extracted 
by means of a special double-lumen tube from 
either side of the pylorus before and at intervals 
after the feeding of each of the substances under 
investigation. 

It was found that casein hydrolysate more 
effectively buffered and neutralized gastric and 
duodenal bulb acidity over a two-hour period 
than did an equal quantity of milk or a mixture 


of milk and cream fed hourly over the same 
period. Under the experimental circumstances 
of the study and on the basis of the criteria 
used the hydrolyzed protein mixture employed 
was, nevertheless, an imperfect buffer and 
neutralizer of gastric and duodenal bulb acidity 
in these duodenal ulcer patients. Fairly marked 
secondary stimulation of active secretion in the 
stomach regularly followed its ingestion. 

Studies in Pulmonary Function before 
and after Pulmonary Resection for 
Bronchiectasis and Other Pulmonary 
Disease. Joan H. Long , M.D., W. Emory 
Burnett, M.D., Charles M. Morris, M.D. 
and M. R. Wester, M.S. ( introduced by 
Thomas M. Durant , M.D.), Philadelphia, 
Pennsylvania. 

By means of external spirometry and broncho- 
spirometry, changes in the volume of air moved 
and in oxygen absorption after the surgical 
removal of one or more pulmonary segments 
have been studied in sixty-four patients with 
bronchiectasis and in five patients with other 
pulmonary disease. Studies were done pre- 
operatively two weeks postoperatively and 
again six months to two years later. 

It was found that in unilateral bronchiectasis 
the oxygen absorption is reduced more than the 
volume of air moved on the affected side. The 
maximum breathing capacity during voluntary 
effort is reduced in a manner roughly propor- 
tional to the extent of the disease. This decrease 
is due in most instances to a decrease in the 
depth of respiration during this effort. After the 
resection of one or more pulmonary segments 
the voluntary maximum breathing capacity 
may be increased. 

Only occasionally is there an increase in the 
percentage of the total air moved by the remain- 
ing lung segment on the operated side; usuall) 
there is no change or a decrease of the per- 
centage of air moved by that side. On the other 
hand, it is a little more common to find an 
increase in the percentage of the total oxygen 
absorbed by the remaining lung segment on t ic 
operated side although, again, in the majority 
of cases there is either no change or a decrease 
in this function. 
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Case Reports 

Fulminating Fatal Gout* 

H. Spitz, m.d., O. Steinbrocker, m.d. S. Schwartz and M. Schittone, m.d. 

New York , New York 


R ecent reports 1-3 have tried to focus 
the interest of the medical practi- 
^ tioner on articular gout again since 
it is all too often neglected in the differential 
diagnosis of acute and chronic joint diseases. 
Gout is much more common than is gen- 
erally suspected. Although it is apt to be- 
come a chronic disease, severe disabling 
changes are rare. The comparatively few 
reports of cases in which extensive crippling 
deformities developed with ankylosis and 
marked limitation of motion invariably 
describe a long protracted course of the 
disease . 3-10 Rapid progression of the disease 
to a crippling stage in the course of only 
three years is therefore unusual, particularly 
when the first symptoms do not appear until 
the fifth decade of life. Such a case was 
observed with postmortem examination on 
the wards of Bellevue Hospital and is here- 
with reported. Another remarkable feature 
in this case was the association of severe gout 
with anemia, splenomegaly and sclerosis of 
the portal vein. 

Occasional case reports have appeared 
describing gout accompanied by vari- 
ous blood dyscrasias such as pernicious 
anemia , 11,12 hemolytic jaundice , 10,13,14 ery- 
thronoclastic anemia 15 and anemia of un- 
determined type . 16 In several instances 
splenomegaly with anemia are described 
without further remarks about the type of 
the anemia . 6, 17,1 8 No mention, however, is 
oiadc in these reports of the appearance of 
the portal vein. Therefore, it seems that 
this is the first reported case showing 
sclerosis and calcification of the portal vein 
and its main tributaries associated with 
splenic anemia” and gout. 


CASE REPORT 

C. L., a forty-seven year old, unmarried 
Chinese male who worked as a waiter, was 
admitted to the hospital on September 1 2, 1 944, 
with chief complaints of pain in all his limbs 
(knees, feet, wrists, hands and elbows). He had 
felt well until three years before when he ex- 
perienced a sudden pain in his big right toe 
followed by pain in his legs and arms. Simul- 
taneously, small lumps appeared on his hands 
and about his joints. The lumps enlarged pro- 
gressively, became more numerous and were 
tender to pressure. Pain in his extremities 
gradually became more severe. For the two 
years before admission he was unable to work. 
The pain was lancinating and almost continuous 
just before admission. Anorexia had been present 
for two months, with resulting marked weight 
loss. He had difficulty in retaining urine; the 
systemic review was otherwise negative. 

Examination on admission revealed a cachec- 
tic, restless Chinese in acute pain. His tempera- 
ture was 100°f., pulse 80, respiration 30 and 
blood pressure 146/76. The head, eyes, ears, 
nose, throat and lungs were normal. His heart 
was greatly enlarged to the left. Over the pre- 
cordium a loud, blowing, systolic murmur was 
heard. The rhythm was regular. The liver edge 
was said by some examiners to be sharp and 
2 cm. below the right costal margin. The lower 
pole of the spleen was found to be about 8 cm. 
below the left costal margin, smooth, non-tender 
and ballotable because of the presence of peri- 
toneal fluid. There was no abdominal tenderness 
or rigidity. The kidneys were not felt. The 
prostate was hard, nodular and slightly enlarged. 

There was hyperkeratinization of the skin, 
most noticeable over the waistline, legs and feet, 
with ulceration, crusting and painful edema of 
the feet, particularly of the dorsal surfaces. 
Numerous freely movable, subcutaneous nodules 
were felt in the thighs, around the elbows and 
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Fig. 1 . Nodules over the knees and hands; cachexia. 





Fig. 2. X-ray of the right hand. There are no 
definite punctate erosions despite destructive 
changes in the middle phalanx of the middle finger 
where a subcutaneous and an osseous tophus were 
present with fistula formation. The lesion in 
the fifth metacarpal bone was interpreted as 
chondroma. 

knees and along the fingers. (Fig. 1.) All of 
these were tender and in addition some were 
fluctuant. The hard nodules had a yellowish 
tint and the veins nearby were distended and 
surrounded with small hemorrhages. One of the 
nodules on the right middle finger had broken 


down and was discharging cheesy, gritty material 
containing needle-like crystals. The extremities 
were wasted and had flexion deformities. 

Laboratory data on admission revealed a 
white blood count of 10,000 with 82 per cent 
polymorphonuclears and 18 per cent lympho- 
cytes; red blood cells, 1.7 million and hemo- 
globin 4.5 Gm. Blood Wassermann and Kahn 
tests were negative. The urine was acid, its 
specific gravity was 1.014. It contained no 
albumin, glucose or pathologic microscopic 
sediment. The blood non-protein nitrogen was 
31 mg per cent; uric acid on whole blood, 7.7 
mg. per cent; serum calcium 9.1 mg. per cent; 
phosphorus 3.9 mg. per cent. The cephalin 
flocculation test was strongly positive; albumin 
globulin ratio 3. 1/4. 5; alkaline phosphatase 21.1 
Bodansky units; total cholesterol 105 mg. per 
cent and esters 49 mg. per cent. 

The icteric index was 5 on September 13th 
and rose to 1 8 on September 20th when a direct, 
immediate Van den Bergh reaction was ob- 
tained. Stool examination for parasites was 
negative. The electrocardiogram did not reveal 
any abnormality. X-ray of the chest showed a 
moderate increase in the size of the heart, with 
diffuse engorgement in both lungs. In both knee 
joints hypertrophic changes were found. An 
expansion of the shaft of the fifth metacarpa 
bone was interpreted as chondroma. (Fig- 2.) 
The proximal phalanx of the third right finger 
showed evidence of periostitis. (Fig. 2.) There 
was periarticular soft tissue swelling of the right 
ankle joint. Osteo-arthritic changes were note 
in the tarsal bones. 

The patient ran an irregular febrile course 
with occasional rises of temperature to 103 r. 
On the seventh hospital day a transfusion o 
500 cc. of whole blood was given without inci- 
dent. Immediately following this procedure t ic 
temperature dropped to normal and remainc 
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so. The patient was treated with full doses of 
colchicine and aspirin and with large amounts 
of multiple vitamins and iron without subjective 
or objective improvement. His condition de- 
teriorated rapidly until his death on the twenty- 
seventh hospital day. 

Autopsy was performed eight days after death. 
It revealed an emaciated Chinese male of 
slender body build appearing somewhat older 
than the stated age of forty-seven. There was no 
peripheral edema. No icterus of the sclerae was 
noted. The superficial lymph nodes were not 
enlarged. The skin was dry, inelastic and scaly. 
The feet and hands were covered with numerous 
subcutaneous nodules varying in diameter from 
0.5 to over 3 cm. The nodules were most numer- 
ous over the extensor and flexor surfaces of the 
metacarpophalangeal joints. They were present 
to a lesser extent over the shafts of the phalanges, 
metacarpal bones, wrist, elbow, ankle and 
knee joints. Nodules also were present along the 
long bones of the upper and lower extremities. 
No tophi were found in the earlobes. Many of the 
nodules were attached to the underlying struc- 
tures but not to the skin. Some were soft and 
fluctuant while others were firm. One nodule 
on the dorsal aspect of the right middle finger 
had ulcerated through the skin and white chalk- 
like, gritty material could be expressed. Smears 
of this material showed characteristic sheaves of 
doubly refractive urate crystals. The ankles and 
dorsal aspects of the feet were slightly swollen. 
The overlying skin was superficially excoriated 
and stained violet (gentian violet). The joints 
of the fingers and toes showed marked decrease 
of passive mobility although rigor mortis had 
completely subsided. Bony hard excrescences 
were felt along the joint lines of the knees, 
elbows and wrists. An incision over the dorsum 
of the left hand exposed numerous tophi on the 
extensor and flexor surfaces of the hand. The 
nodules involved tendon sheaths and ligaments 
and widely replaced the muscles of the palm. 
Some of the nodules were composed of opaque, 
gritty material and others contained pale green 
pus. The first metacarpophalangeal joint was 
opened. The exposed cartilage was smooth of 
surface but thinner than normal, opaque and 
chalky white. Longitudinal section of the meta- 
carpal bone showed minute opaque deposits 
etween trabeculae of cancellous bone in the 
metacarpal head and erosion of the metaphyseal 
compacta by tophi. 

The pleural cavities contained small amounts 
1949 


of clear fluid. The peritoneal cavity contained 
no excess fluid; the heart weighed 340 Gm.; its 
chambers were slightly dilated and the left 
ventricle measured up to 23 mm. in thickness. 
The coronary arteries were thin-walled and 
patent throughout. The aorta was narrow, 
elastic and showed no atherosclerotic changes. 
The lungs were congested and edematous 
posteriorly. The liver weighed 1 ,200 Gm. It was 
firm and covered by a thin translucent capsule. 
On section the lobular architecture was accentu- 
ated by congestion of the central veins. The left 
lobe of the fiver was thin, flabby and appeared 
atrophic. The intrahepatic branches of the 
portal vein and ail its main roots were dilated 
and fined by thick opaque intima. In the portal 
vein and in the adjacent portion of the splenic 
vein fibrous ridges projected about 1 mm. above 
the intimal surface criss-crossing in all directions. 
Between these ridges the vascular wall was 
thinner and bulged outward. The deepest pouch 
was situated on the anterior surface of the portal 
vein. It was 6 mm. deep and filled with firmly 
adherent yellow to dark red thrombotic ma- 
terial. Similar thrombi were present in the 
splenic vein close to its junction with the superior 
mesenteric vein, causing only slight stenosis of 
the lumen. Plaques of lime salt deposits were 
present in the portal and splenic veins between 
the aneurysmal bulges. The remainder of the 
splenic vein was tortuous and dilated averaging 
4 cm. in circumference. The proximal portion 
of the superior mesenteric vein w’as 3 cm. in 
circumference and its smaller branches were 
dilated, tortuous and slightly sclerosed. The 
spleen was considerably enlarged and weighed 
530 Gm. The capsule was thick, opaque, covered 
with hyaline plaques and adherent to the dia- 
phragm. Cut surface was dry, flat, pink to red 
and traversed by numerous prominent trabecu- 
lae forming narrow spaces filled with firm pulp. 

Gallbladder, adrenals and pelvic organs 
showed no important changes. There were no 
biliary calculi present. 

The kidneys were of average size and each 
weighed 1 1 5 Gm. The capsules could be stripped 
with moderate difficulty revealing smooth sur- 
faces. The left kidney was dark red with a few 
small yellow areas over the lower pole. Several 
small cortical cysts were present. The cortex 
averaged 4 mm. in width and showed the usual 
striations. The pyramids were congested and 
streaked white by gritty and granular deposits. 
Scattered through the cortex and pyramids were 
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multiple abscesses measuring 1 to 2 cm. in 
diameter. The right kidney was similar but 
generally paler. Renal pelves and ureters showed 
no abnormality. No renal calculi were found. 

The neck organs were not unusual. The 
vertebral column and the bones of the thoracic 
cage appeared unaltered and contained abund- 
ant dark red marrow. The external iliac lymph 
nodes were enlarged and soft. The cerebral 
arteries showed no arteriosclerosis. 

Histologically, section of the heart showed 
mild hypertrophy and occasional basophilic 
degeneration of the myocardial fibers. Pre- 
cipitated edema fluid was present in the alveoli 
in the posterior portions of the lungs. Sections 
from the right lobe of the liver revealed only 
mild congestion. In the left lobe dilated bile 
ducts were found surrounded by broad sheaths 
of fibrous tissue enclosing many small bile ducts 
and small scattered groups of liver cells. Neigh- 
boring liver lobules presented a normal appear- 
ance. No evidence of recent degeneration or 
necrosis of liver cells was found. The portal vein 
showed extensive changes in its wall. Intima 
and media were replaced by sclerosed fibrous 
tissue, irregularly intermingled with elastic 
lamellae. The fibrous tissue wall was fused with 
a laminated, hyalinized thrombus. In the 
adventitia thick bundles of smooth muscle were 
found arranged longitudinally along part of the 
circumference. 

Sections of the spleen showed considerable 
thickening of the capsule and trabeculae by 
compact fibrous tissue. The malpighian cor- 
puscles were few in number and the ones that 
remained were small and indistinct. The 
sinuses were empty, dilated and lined by promi- 
nent hyperplastic endothelium. The pulp was 
poor in cells and slightly fibrosed. 

Sections of the kidney revealed several minute,- 
narrow wedge-shaped, subcapsular scars with 
atrophy of the tubules, hyalinization of the 
glomeruli and interstitial fibrosis. Some of the 
atrophic tubules contained hyaline casts. The 
majority of the glomeruli were well preserved. 
The tubules were slightly dilated and contained 
a finely granular precipitate. The lining cells 
presented considerable postmortem changes. A 
few cortical cysts were lined by low cuboidal 
epithelium. The arterioles showed minimal 
thickening of the intima. Small and medium- 
sized arteries were of average caliber and their 
intima was slightly thickened by fibrous tissue. 
Scattered through pyramids and occasionally 


extending into the inner half of the cortex were 
round or oval areas composed of a finely granu- 
lar or fibrillar pale staining acidophilic material. 
(Fig. 3.) Small, irregular, empty spaces in this 
material indicated the presence of lipids and 
the acidophilic material often showed a radial 
star-like streaking. In some of these foci rhom- 
boid, highly refractive and doubly refractive, 
pale yellow crystals were found lying singly, in 
irregular clusters or in sheaves. (Fig. 3.) Foreign 
body giant cells were attached to some of these 
crystals and surrounded smaller ones completely. 
At the periphery of these crystalline deposits a 
scant infiltrate of mononuclear cells was found. 
Mononuclears in radial arrangement also 
seemed to interdigitate with the radial striations 
previously mentioned. 

Furthermore, focal abscesses were found in the 
parenchyma; some of them contained crystalline 
deposits and all of them were surrounded by an 
acute inflammatory reaction. Casts of poly- 
morphonuclears were present in collecting 
tubules in these areas. A calyx showed severe 
inflammatory reaction; the surface epithelium 
was desquamated and loose and was mixed with 
polyrnorphonuclears and urate crystals. The 
mucosa was markedly congested and infiltrated 
with polymorphonuclear leukocytes and lympho- 
cytes. Some kidney sections were stained accord- 
ing to the method of De Galantha. 20 (Fig. 4.) A 
starfish-like arrangement of black threads was 
thus revealed in the granular matrix previously 
described. Control stains for argyrophilic reticu- 
lum failed to demonstrate these structures, 
indicating that they were not reticulum fibers 
but urate crystals. 

Section through the head of a metacarpa 
bone and the surrounding soft tissues (Figs. 5 
and 6) revealed urate deposits in the articular 
cartilage, the cancellous bone of the capitulum 
and the metaphysis and in the periarticular 
structures. The surface of the hyaline cartilage 
was irregular, frayed and covered by granulation 
tissue (pannus) near the articular margins. 
Occasional deep fissures penetrated almost the 
entire thickness of the cartilage. Scattered 
through the hyaline cartilage were clusters 0 
pale yellow, doubly refractive crystalline plates 
usually rhomboid in outline with longitudina 
striations. Occasionally these crystals showed an 
arborescent arrangement. They lay close to the 
articular surface but were usually separate 
from it by a thin rim of apparently una here 
cartilage. The hyaline cartilage around these 
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Fig. 3. a, water-soluble and b, water-insoluble urate crystals in the kidney'. (X 552.) 

Fig. 4. Water-soluble urate crystals in the kidney stained black according to the method of E. De Galantha. (X 144.) 



Fig. 5. Longitudinal section through the head of the metacarpal bone shows tophi in the periarticular connective 
tissue (a), and urate deposits in the articular cartilage (b), and in the bone marrow (c). 

Fig. 6. Urate deposits in the articular cartilage. (X 144.) 


deposits showed no evidence of necrosis. The 
pannus covering the cartilage was also encrusted 
with urate deposits. On the volar aspect of the 
metacarpal head the cartilage was undermined 
by urate deposits which extended from large 
tophi in the capsular ligaments and the peri- 
articular fibrous connective tissue. At one point 
the pannus bridged the articular space and 
attached the two opposing articular surfaces to 
each other. The osteocartilaginous border was 
sharp everywhere. The fibro-fatty marrow in 
the head and the distal metaphysis of the meta- 
carpal bone contained urate deposits indicated 
by the eosinophilic matrix as seen in the kidneys. 
The crystals proper had apparently been dis- 
solved and could not be seen in these sections 
that had been fixed in Zenker’s solution and 
embedded in paraffin. Water-insoluble crystals 
"ere also present and were similar to those 
seen in the articular cartilage and in the kidneys. 
abiul, i 949 


In the periarticular tissue on the volar and 
dorsal aspects of the bone there were large tophi 
surrounded by fibrous tissue capsules. In these 
capsules and around small globules of urate 
deposits many foreign body giant cells and 
occasional large mononuclears could be seen. 
The smaller globules were composed principally 
of eosinophilic, granular or amorphous material, 
the matrix of soluble urate crystals. Small 
arteries and arterioles in the fibrous tissue 
around the joint showed mild to moderate 
fibrous intimal thickening. 

The vertebral bodies contained highly cellular 
marrow, showing a slight preponderance of the 
erythropoietic elements. The bony trabeculae 
were unaltered. No urate deposits were present. 

COMMENTS 

Several features of this case warrant com- 
ment. One is the extensive involvement of 
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joints and subcutaneous tissues by urate 
deposits and secondary hypertrophic osteo- 
arthritic changes. Occasional similar cases 
have been reported . 3-10,19 Exhaustive de- 
scriptions of the lesions in the skeletal 
system and the periarticular structures have 
appeared in the literature; especially Pom- 
mer’s description 20,21 gives an excellent 
account of such morphologic changes as 
were observed in our patient. In all the 
cases reported extreme disabling lesions 
were found only many years after the first 
clinical symptoms had appeared. Usually 
gout first manifests itself in the fourth or 
fifth decade. Acute attacks of gouty arthritis 
are followed by complete remissions. During 
such remissions the patients feel perfectly 
well and in the beginning are able to carry 
on their usual occupation. Much later slight 
disability persists throughout the interval 
between attacks and after many years, 
sometimes ten, sometimes twenty or more, 
the joint lesions lead to complete invalidism. 
If the first attack occurs early in life, the 
articular lesions usually are more severe. 
It is therefore remarkable that although the 
patient experienced his first attack of joint 
pain at the age of forty-four the disease took 
such a devastating, rapidly progressive 
course and produced such extensive, crip- 
pling joint lesions in the comparatively short 
period of three years. Contrary to older 
concepts, gout is not uncommon in poorly 
nourished individuals who do not indulge 
in excessive food or alcohol intake . 3 This 
patient showed no evidence and gave no 
history of antecedent overeating or obesity. 
Gout supposedly affects Orientals much 
less frequently than Europeans . 22 Snapper 
does not even mention gout in his mono- 
graph on Chinese medicine . 23 Scattered 
reports of gout in Chinese, however, show 
that this race is not exempt . 7,22,24 

Another remarkable feature was found 
in the morphology of the urate crystals since 
there were obviously two types of crystalline 
deposits in the tophi in cartilage, bones and 
kidneys. One type occurred in fine needles, 
usually in radial arrangement deposited 
in an acellular, finely granular or amorphous 


eosinophilic matrix. Foreign body giant 
cells, lymphocytes and fibroblasts were 
found around these crystals. In preparations 
fixed in formalin, embedded in paraffin 
and stained with hematoxylin and eosin the 
crystals had disappeared and only their 
molds in the granular matrix remained. In 
order to demonstrate the crystals, fixation 
in absolute alcohol and staining according 
to the method described by De Galantha 25 
were used. There were in addition other 
crystals which were plainly visible in 
formalin-fixed material, embedded in paraf- 
fin and stained with hematoxylin and cosin. 
They were, therefore, insoluble in water, 
alcohol and xylol; and since they also ap- 
peared in sections of bone decalcified with 
sodium citrate and formic acid, they were 
insoluble in weak adds. They were rhom- 
boid in outline, doubly refractive, showed 
longitudinal striations and occurred in 
irregular clusters or sheaves of elongated 
blunt needles. Only one reference to these 
crystals was found in the literature . 5 There 
it was suggested that the more recent urate 
deposits are water-soluble and the older 
deposits water-insoluble. Many of the stand- 
ard textbooks on clinical pathology do not 
mention the morphologic detail and the 
physicochemical properties of these crystals 
at all or describe only one type. 

The renal lesions were of particular 
interest since there was no clinical evidence 
of impaired renal function. Arteriolar neph- 
rosclerosis and hypertension are considered 
common complications of gout . 3,16 They 
were almost entirely absent in our patient. 
Only mild sclerosis of a few arterioles and 
small arteries was present and corresponding 
minute subcapsular scars were found. Al- 
though many observers believe that arte- 
riosclerosis and nephrosclerosis are moie 
common and appear earlier in gouty pa- 
tients than in non-gouty people in com- 
parable age groups , 26 the vascular changes 
and especially signs of renal failure appeal 
late in the disease; however, a causal 
relationship of gout, nephrosclerosis and 
hypertension is by no means universally 
accepted. 
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Schnitker 26 claims that almost all gouty 
patients who die before the age of fifty and 
a significant percentage of those in the 
older age groups succumb because of this 
renal complication. Renal function tests on 
patients suffering from gout led Talbott 3 to 
believe that the majority of patients with 
gout, irrespective of age or duration of 
symptoms, have impairment of renal func- 
tion. The anatomic changes in the kidneys 
are usually those of vascular nephrosclerosis 
although they have been called vascular 
nephritis, chronic interstitial nephritis or 
gouty kidney — terms that should not be 
employed. Actually the lesions are indis- 
tinguishable from arterial and arteriolar 
nephrosclerosis as seen in benign hyperten- 
sion. Occasionally chronic glomeruloneph- 
ritis was found . 10 The pathogenesis of the 
renal lesions is a matter of much dispute. 
They are attributed to the deposition of 
urates in the renal tubules and parenchyma 
by some , 3 whereas others claim that the 
urate deposits can exist in the gouty kidney 
without manifestation of chronic nephritis 
and that they have in no way any causal 
relationship to the renal disease . 27 Ob- 
servations in our patient tend to support at 
least the first half of the preceding state- 
ment. The concept of a higher incidence of 
arteriosclerosis and hypertension in gout 
than in a comparable group of people with- 
out gout is also not accepted by all observers. 
It is believed by some French authors 
especially that arteriosclerosis and gout do 
not have a cause and effect relationship but 
arc rather the result of a disturbance of 
nutrition leading to gout and to arterio- 
sclerosis . 28,29 These authors even claim that 
arteriosclerosis and hypertension occur in 
the same percentage in gouty and non-gouty 
persons in the same critical age group, a 
statement that is diametrically opposed to 
the view held by Schnitker . 26 Thus, the 
French authors consider as highly exag- 
gerated the opinion of those who like 
uchard maintain that “gout is for the 
arteries what rheumatic fever is for the 
teat t . 5 But even if one accepts Schnitker’s 
‘'gurcs and the studies by Talbott 3 and 
*^ 11 , 1949 


others 30 on renal function in patients with 
gout, it does not necessarily follow that the 
deposits of urates in the kidney are the 
cause for extensive vascular sclerosis and 
renal damage. No detailed studies of renal 
function were attempted in our case, but 
routine urine and blood examinations did 
not suggest appreciable renal damage and 
still there were numerous urate deposits 
scattered through the renal parenchyma. 
It is conceivable that the total duration of 
the illness was too short for nephrosclerosis 
to develop. The deposition of urates in the 
kidneys per se did not lead to appreciable 
renal damage and in the course of several 
years development of hypertension and 
nephrosclerosis would not necessarily have 
to be interpreted as caused by gout. It 
should be remembered that gout is a 
hereditary constitutional disorder and that 
arteriosclerosis also is considered by some to 
have a hereditary or familial background. 

Interstitial urate deposits in the kidney 
are usually not associated with severe in- 
flammatory reaction. This patient, however, 
presented considerable acute and subacute 
pyelonephritis with abscess formation limited 
to the areas that contained the crystalline 
deposits. On the other hand, not all urate 
deposits were surrounded by abscesses or 
any other extensive inflammatory reaction. 
It may be assumed that the stagnation — an 
important factor in the development of 
pyelonephritis — was not uniform through- 
out the kidney. This is suggested by the 
presence of cellular debris mixed with poly- 
morphonuclear leukocytes and urate crys- 
tals in some calyces and not in others. 

The roentgenologic findings were not 
characteristic of gout . 31 X-rays showed no 
specific changes as reported in the litera- 
ture . 3, 4,0,18,19 In addition to periarticular 
soft tissue swelling, there were hypertrophic 
changes in the knee joints and tarsal bones. 

Clinically, there was definite evidence 
of impaired liver function. No anatomic 
changes were found that would adequately 
explain this. The atrophy of the left lobe 
of the liver appeared to be old and involved 
too little liver parenchyma to cause a 
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clinically detectable change in liver func- 
tion. Enlargement of the liver with tender- 
ness and jaundice is occasionally present in 
gout . 22 The enlargement . is usually due to 
fatty change and chronic passive congestion. 
No fatty change was present in our patient 
nor was there appreciable congestion. No 
explanation can be given for this discrepancy. 

The association of gout with spleno- 
megaly and anemia deserves particular 
comment. Few similar cases have been re- 
ported . 6 ' 10, 15,17,32 They present in most 
instances a fortuitous coincidence of gout 
and splenic anemia. Gout may appear 
sometimes during the course of pre-existing 
anemia with splenomegaly 10 or the latter 
may intervene during the course of chronic 
gout . 17 A complete autopsy was performed 
in only three of the cases reported. In two 
of them congenital hemolytic anemia was 
the associated disease 10 and in the third 
the exact nature of the anemia and spleno- 
megaly is not clear . 6 Phlebosclerosis with 
calcification of the portal vein and its main 
tributaries with thrombosis, splenomegaly 
and anemia is not described in these 
reports. Phlebosclerosis of the portal vein 
has been the subject of many case reports . 33-35 
The lesion may be produced by a variety of 
causes or no cause at all may be apparent . 36 
X-ray diagnosis of this condition was first 
described by Moberg . 37 In his case calcifica- 
tion had occurred in the thrombus rather 
than in the vessel wall. The association of 
gout with calcification of the portal vein 
might suggest that deposition of urates in 
the vessel wall had produced necrosis fol- 
lowed by lime salt incrustation. Urate 
deposits have been found at times in the 
most unusual locations such as the mitral 
valve . 38 However, we were unable to 
demonstrate urate crystals or their molds 
in the wall of the portal vein or its main 
tributaries. The etiology and pathogenesis 
of portal vein sclerosis and calcification 
remain obscure in this case. Discussion 
of splenic anemia in connection with portal 
vein sclerosis would go far beyond the 


scope of this report and may be found in 
the relevant literature. 

An interesting concept about the possible 
relationship between anemia and gout was 
suggested by Krafka . 39 He points out that 
any condition raising the maturation rate 
of red blood cells leads to increased uric 
acid output because more nuclei of imma- 
ture red blood cells are extruded and me- 
tabolized. This rise in uric acid output was 
observed by Krafka in the coui'se of ex- 
periments on dogs and by others 11,12,40 in 
pernicious anemia during remission, spon- 
taneous or induced. Krafka explains the 
association of lead poisoning and gout also 
on the basis of the anemia that is a constant 
feature of plumbism. He even attributes 
the disappearance of old fashioned gout of 
one hundred years ago to the discontinu- 
ance of the medical practice of bleeding 
since even small hemorrhages are marked 
hemopoetic stimuli. He also mentions one 
of Garrod’s cases , 16 a girl of ten who had 
her first attack of gout at the age of seven 
when she was suffering from anemia. It 
is conceivable that in our case the sclerosis 
of the portal vein, splenomegaly and anemia 
preceded the clinical manifestations of gout 
and that anemia was a precipitating 
factor. Anemia may provoke attacks of 
gouty arthritis, but it certainly is not the 
main etiologic factor since only few people 
suffering from anemia develop clinical 
gout. Gout must be considered as a disease 
developing on a constitutional hereditary 
basis in which anemia among other dis- 
turbances may precipitate the appearance 
of clinical symptoms. 

SUMMARY 

1. An unusual case of fulminating gout 
which occurred in a middle-aged Chinese 
male is reported. It was of remarkably short 
duration and exceptional severity, associ- 
ated with phlebosclerosis, calcification and 
thrombosis of the portal vein, splenomegaly 
and anemia. 

2. The unusual clinical and anatomic 
features of the gouty lesions are discussed. 
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3. The occurrence in the tophi of two 
types of urate crystals is described. 

4. The extent and character of renal 
lesions are emphasized in the absence of 
clinical evidence of renal failure. 

5. The association of gout and splenic 
anemia is discussed and reference is made 
to similar cases reported in the literature. 

6. Suggestions in other reports about the 
possible relationship of anemia and gout 
are reviewed. 
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Friedlander’s Bacillus Meningitis Treated 

with Streptomycin* 

Joseph F. Sadusk, Jr., m.d., Arnold S. Relman, m.d., Robert R. Wagner, m.d. and 

Roy Barnett, m.d. 

New Haven, Connecticut 


W hile meningitis due to Fried- 
lander’s bacillus was first de- 
scribed some sixty years ago, 1 this 
disease still remains a clinical rarity. 
Ransmeier and Major, 1 after a careful 
survey of the literature up to 1943, could 
find only twenty-nine cases reported. They 
added another case. Since that time, 
twenty-three additional cases 2-6, 11—13,15 have 
been reported, only nine of them in detail. 
These cases include meningitis due to 
Aerobacter aerogenes, an organism which 
appears to be practically indistinguishable 
from Friedlander’s bacillus. 

The relative rareness of meningitis due to 
this group of organisms and the present 
meager experience with streptomycin treat- 
ment prompt the present report of a case of 
meningitis due to Friedlander’s bacillus 
treated with this new antibiotic. Although 
the issue was fatal, the initial prompt clinical 
and bacteriologic response to streptomycin 
confirms previous favorable reports of its 
use in other types of infection due to this 
organism. 

CASE REPORT 

A sixty year old negress was admitted to the 
New Haven Hospital on November 12, 1946, 
with complaints of fever, chills, abdominal pain, 
vomiting and diarrhea. Except for symptoms of 
intolerance to fatty and greasy foods charac- 
terized by nausea and eructation, the patient 
had enjoyed good health until the present 
illness. 

Two days before admission she suddenly felt 
chilly and shortly thereafter developed severe 
abdominal pain. This was at first localized to 
the epigastric region and to the right upper 


quadrant but later radiated through to the back. 
She became nauseated and vomited large 
amounts of liquid material which was noi grossly 
bloody. She passed watery stools at frequent 
intervals. Her family physician reported tem- 
peratures of 1 04 °f. on the first and second days, 
and there were at least two shaking chills during 
this time. 

Except for headache and prostration, there 
were no other symptoms of consequence. She 
became progressively worse and was admitted 
to the hospital late in the night of the third 
day of her illness. 

On admission the patient looked acutely and 
desperately ill. She was enormously obese and 
obviously suffered extreme abdominal pain. 
The temperature was 102.4 °f., pulse rate was 
1 00, respiratory rate was 20 and blood pressure 
was 130/70. She was incontinent of feces and 
frequently passed dark brown, foul-smelling 
watery stools. The skin was warm and moist. 
There was no jaundice. Pupils were equal and 
reacted to light. There were no signs of menin- 
gitis. The thyroid was diffusely enlarged. No 
adenopathy could be found. The heart was not 
remarkable. There were a few medium, moist 
rales at both lung bases. Although the huge size 
of the abdomen made examination difficult, 
there was considerable generalized tenderness, 
with spasm in the right upper quadrant, an 
under the right costal margin posteriori). 
Pelvic and rectal examinations were consider ec 
negative. 

Examination of the blood revealed a red cell 
count of 5,300,000 per mm. 3 and a hemoglobin 
of 13.0 Gm. per cent. Leukocytes were 16,500 
per mm. 3 The differential showed 92 per cent 
neutrophiles (26 per cent of which were non 
segmented forms), 6 per cent lymphocytes an 
2 per cent monocytes. The urine was clou > 
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and amber, with an acid reaction; specific 
gravity, 1.010; albumin reaction, 3 plus and 
sugar, negative. Microscopic examination of the 
centrifuged sediment revealed 1 to 3 red cells 
and 20 white cells per high power field. 

A fresh stool was described as a dark brown 
liquid with a 3 plus guaiac reaction. Microscopic 
examination revealed a moderate number of 
white cells but no cysts or parasites. 

In view of the basilar pulmonary moisture, 
determinations of venous pressure and circula- 
tion time (arm to tongue with calcium gluconate) 
were performed; the values were 10 mm. saline 
and 17 seconds respectively. X-ray of the chest 
revealed a clear pulmonary parenchyma and 
a normal cardiac silhouette. X-ray of the ab- 
domen revealed only hypertrophic osteo-arthritis 
of the lumbar spine. There was no significant 
dilatation of the intestinal loops, and neither 
abnormal soft tissue masses nor radio-opaque 
shadows in the region of the gallbladder were 
apparent. 

Cultures of the blood, nasopharynx, urine, 
and stool were planted and the patient was 
given a slow venoclysis of 1,500 cc. of normal 
saline and 1,500 cc. of 10 per cent glucose 
solution. In the morning her temperature was 
103.0°f. and there was no change in her general 
condition. The blood non-protein nitrogen was 
78 mg. per cent, serum C0 2 content was 22.5 
mEq. per liter and serum chloride was 92.7 
mEq. per liter. Agglutination tests with Bacillus 
typhosus and B. paratyphosus A and B antigens 
were carried out and were subsequently reported 
negative. Although the Mazzini reaction was 
positive, the Kahn and Wassermann tests were 
negative. 

At this time the blood culture drawn on 
admission was found to be strongly positive. In 
addition to growth in the broth the plate count 
showed about 1,300 colonies per cc. of a short, 
thick, gram-negative encapsulated bacillus. The 
surface colonies were smooth, greyish- white and 
mucoid in appearance. Nose, throat, urine and 
stool cultures revealed the presence of a similar- 
appearing organism. 

The patient’s grave condition made it impera- 
tive to begin chemotherapy without waiting for 
m ther identification of the pathogen. Another 
blood culture was taken and a rapid infusion 
of 500 cc. of normal saline containing 5.0 Gm. 
o sodium sulfadiazine was administered. Four 
hours later the patient had a shaking chill and 
her temperature rose to 105.8°f. Another blood 
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culture was obtained shortly after the chill. The 
blood sulfadiazine level was 8.8 mg. per cent at 
this time. The patient became semicomatose 
and was incontinent of urine and feces. For the 
first time her neck was noted to be slightly stiff. 
Lumbar puncture yielded turbid fluid under an 
initial pressure of 300 mm. spinal fluid. It con- 
tained 700 white cells per cu. mm., 90 per cent 
of which were polymorphonuclear leukocytes. 
The total protein concentration was 117 mg. per 
cent. The sediment was loaded with what 
appeared to be the same organism previously 
seen in ail the cultures. 

By this time the organism in the first blood 
culture had been identified as Friedlander’s 
bacillus, type b, by means of a positive quellung 
reaction with type-specific antiserum. In view 
of this sulfadiazine therapy was discontinued 
and the patient was started on streptomycin. A 
blood culture taken at this time revealed 
approximately the same number of organisms 
present prior to administration of sulfadiazine. 
One-half Gm. of streptomycin was administered 
intramuscularly every four hours and 50 mg. 
was injected intrathecally after removal of an 
appropriate amount of cerebrospinal fluid. 
Intramuscular injection of J-f Gm. every four 
hours, plus a daily intrathecal injection of 50 mg. 
was continued for the remainder of her brief 
course. 

Figure 1 indicates the patient’s subsequent 
progress. To be noted particularly are the rapid 
fall in temperature and the striking effect on the 
bacterioiogic findings. Thirty-six hours after 
streptomycin had been started the temperature 
was normal and the patient appeared much 
better. After the initial intrathecal dose culture 
of the cerebrospinal fluid was sterile although 
a few organisms were seen on smear. On the 
following day both smear and culture were 
negative for the organisms and the last two 
samples of blood, drawn forty-eight and sixty 
hours after the start of streptomycin, were 
sterile. 

Despite her clinical improvement, however, 
the patient’s non-protein nitrogen continued to 
rise and she developed a mild acidosis. On the 
last day of life her C0 2 content was 17.4 mEq. 
per liter and the non-protein nitrogen was 
119 mg. per cent. Urine output was adequate. 

On the morning of the sixth day of the disease 
the patient had another shaking chill and her 
temperature rose rapidly to 104.2°f. She became 
comatose. The blood pressure dropped to 88/45. 
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There were no new physical signs. An infusion 
of 300 cc. of whole citrated blood, 500 cc. of 
plasma and 2,000 cc. of saline and glucose 
solution brought the blood pressure back up to 
previous levels. The patient remained comatose 
and expired late that night after developing 
signs of congestive heart failure. 
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Fig. 1 . Clinical and laboratory data in case of Fried- 
lander’s bacillus meningitis. 


The stool cultures were of unusual interest. 
Initially they yielded a pure growth of an 
organism indistinguishable from Friedlander’s 
type B bacillus isolated from the blood, cerebro- 
spinal fluid, nose, throat and urine, except for 
the following points: (1) fermentation of dulcite 
with the production of gas and acid, (2) a posi- 
tive indol reaction and (3) the absence of 
capsular swelling with type -specific a or b 
Friedlander’s antiserum. Later cultures con- 
tained fewer of these organisms but there was a 
heavy growth of Escherichia coli. Biochemical 
reactions of the former organism are compared 
in Table 1 , with the organisms isolated from the 


blood, spinal fluid, nose, throat and urine.* 


Table 11 summarizes the cultures made during 
the patient’s life. 

The organisms isolated from the other cultures 
all gave a positive reaction with type b Fried- 
lander antiserum and exhibited most of the 
biochemical reactions usually . attributed to 
Friedlander’s bacillus. Streptomycin sensitivity 
determinations on the organism recovered from 
the blood on the third and sixth days of the 
disease showed that there was no significant 
change. The sensitivity at first was 16 micro- 
grams per cc.; later it was 14 micrograins per cc. 

Only those lesions found at autopsy and 
which are relevant to the last illness are de- 
scribed. Others are enumerated in the final 
anatomical diagnosis. 

In the dome of the right lobe of the liver, 
lateral and posterior to the inferior vena cava, 
was a large abscess 10 cm. in diameter. There 
was a thin fibrous capsule from which friable 
fronds of tissue projected into thick pink-yellow 
pus. In the adjacent hepatic vein there was a 
large, flat, pink, adherent mural thrombus 
which narrowed the lumen of the vein only 
slightly. It reached within 1 cm. of the vena 
cava. Microscopically, the abscess wall was 
partly organized; the abscess contained necrotic 
liver tissue and pus as well as many’ Fried lander s 
bacilli. The thrombus was made up of fibrin, 
platelets and leukocytes but no bacteria. The 
underlying vein wall was partly disorganized 
but not necrotic. 


The gallbladder wall was thickened to an 
average of 3 mm.; the mucosa was granular and 
there were three large calculi in the lumen. 
Microscopically’, there were some lymphocytes 
but no polymorphonuclear leukocytes in the 
wall. The bile ducts were not dilated and con- 


tained no calculi. 

The right kidney weighed 305 Gm. There 
were small scars in the pyramids as well as 
diffuse interstitial edema and necrosis of tubular 
epithelium. The left kidney was shrunken and 
deformed, weighing 135 Gm. The upper two- 
thirds was fibrotic with blunting of the papillae 
and enlargement of the caly'ces. The main artery 
to this area was thick-walled but not occlude . 
Microscopically 7 , a thyroid pattern of dilate 
tubules filled with colloid casts was associate 
with marked hyperplastic arteriosclerosis an 


* The authors arc indebted to Miss F.lcanora Fa co, 
Technical Assistant, Yale University Schoo! of Medicine 
for the studies carried out upon the isolated organisms. 
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Table i 

BIOCHEMICAL REACTIONS OF THE ORGANISM ISOLATED FROM THE BLOOD, SPINAL FLUID, 


NOSE, THROAT, URINE AND STOOL 



Blood 

Spinal 

Fluid 

Nose 

Throat 

Urine 

Stool 

Lactose 

AG 

AG 

AG 

AG 


AG 

Dextrose 

AG 

AG 

AG 

AG 


AG 

Sucrose 

AG 

AG 

AG 

AG 


AG 

Maltose 

AG 

AG 

AG 

AG 

AG ! 

AG 

Mannite 

AG 

AG 

AG 

AG 

AG 

AG 

Xylose 

AG 

AG 

AG 

AG 

AG 

AG 


SI. A 

SI. A 

— j 

SI. A 

Si. A 

AG 

Salicin 

AG 

AG 

AG 

AG 

AG 

AG 

Litmus milk 

A 

A 

A 

A 

A 

A 

Kligcrs 

Slant: A 

Slant: A 

Slant: A 

Slant: A 

Slant: A 

Slant: A 


Butt: AG 

Butt: AG 

Butt: AG 

Butt: AG 

Butt: AG 

Butt: AG 

Indol 

- 

— 

- 

- 

— 

+ 

Methyl red 

- 

- 

- 

— 



Voges-Proskauer 

~ 


• 





Table 11 

SUMMARY OF BACTERIOLOGIC FINDINCS 


Blood 


11/12/46 (midnight) 
11/13/46 (9 a.m.) 
11/13/46 (1 p.m.) 
11/14/46 (9 a.m.) 
11/14/46 (5 p.m.) 
11/15/46 (9 a.m.) 
11/15/46 (5 p.m.) 


1,300 colonies/cc. of Friedlander’s bacillus, type b 
700 colonies/cc. of Friedlander’s bacillus, type B 
500 colonics/cc. of Friedlander’s bacillus, type b 
2 colonies/cc. of Friedlander’s bacillus, type b 
1 colonics/cc. of Friedlander’s bacillus, type b 
No growth 
No growth 


Spinal fluid 


11/13/46 

11/14/46 

11/15/46 


Heavy growth, Fricdiander’s bacillus, type b 
No growth 
No growth 


11/13/46 

11/14/46 

11/15/46 


Heavy growth, Friedlander’s bacillus, type b 
Light growth, Friedlander’s bacillus, type b 
Moderate growth, Friedlandcr’s bacillus, type b 


Throat 


11/13/46 

11/14/46 

11/15/46 


Heavy growth, Fricdlandcr’s bacillus, type b 
Heavy growth, Friedlander’s bacillus, type b; scant 
growth, Staphylococcus albus 
Moderate growth, Staphylococcus albus 


Urine 


Stool 


11/13/46 

11/14/46 

11/13/46 

11/14/46 


11/15/46 


Heavy growth, Fricdlandcr’s bacillus, type b 
Scant growth, Fricdiander’s bacillus, type b 

* Heavy growth. Fricdlandcr’s bacillus 

* Heavy growth, Friedlandcr’s bacillus; heavy- 

growth, E. coli 

* Scant growth, Fricdiander’s bacillus; heavy growth, 

E. coli 


Typc-spccific scrum failed to produce capsular swelling with this organism. 
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productive endarteritis as well as edema and 
round cell infiltration of the submucosa of the 
pelvis. 

In the first part of the duodenum there was a 
small depressed scar made up of fibrous tissue 
and a few lymphocytes with an intact overlying 
mucosa. There was slight clouding of the 
meninges in the sulci over the cerebrum and 
around the base of the brain, reflected his- 
tologically by small accumulations of leukocytes. 
No gross or microscopic evidences of cerebritis 
or cerebral abscess were found. The spinal cord 
was not examined. 

Postmortem cultures were reported as follows: 
Liver abscess, many colonies of Friedlander’s 
bacillus; heart’s blood, two colonies of Fried- 
lander’s bacillus per cc.: gallbladder bile, no 
growth. 

Anatomic diagnoses were: Primary: Chronic 
cholecystitis and cholelithiasis; chronic pye- 
lonephritis, bilateral; atrophy of the left kidney; 
hypertrophy of the right kidney; liver abscess, 
thrombus in the right hepatic vein;* acute 
meningitis; acute splenic tumor; pulmonary 
congestion; cloudy swelling of the viscera. Sub- 
sidiary: Syphilitic aortitis; mural thrombus of 
aorta; chronic aortic valvulitis; cardiac dilata- 
tion; myocardial scars; focal fibrosis of the lungs; 
fibrous pleural adhesions; hyperplasia of the 
thyroid gland; fibromyoma of the uterus; 
obesity. 

The liver abscess was obviously older than 
the history had indicated. The original source 
of infection could have been the chronic pye- 
lonephritis or more likely the chronic cholecysti- 
tis; less probably, the fibrous scars in the duo- 
denum or lungs. It is also possible that an 
enteric focus which healed without residua was 
responsible, this ordinarily being the most com- 
mon explanation for single pyogenic liver 
abscesses. The hepatic vein thrombus was 
doubtless the source of further dissemination of 
the organisms to the blood and meninges. No 
explanation of the sudden death after pre- 
liminary improvement was afforded by the 
autopsy, the syphilitic disease of the aortic valve 
and aorta being minimal. 

COMMENTS 

Based upon the summary of the thirty 
cases previously prepared by Ransmeier 
and Major 1 and the twenty-three cases 

* Clinically, B. Fricdlanderi type b septicemia. 
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reported by others 2-6,11-13 - 14 this case of 
meningitis due to Friedlander’s bacillus 
brings the total of reported cases of this 
disease to 54. As previously noted and com- 
mented upon in greater detail further, 
meningitis due to Aerobacter aerogenes is 
also included in this group. Some pertinent 
facts about these cases are summarized in 
Table m. 

The age distribution is of particular 
interest. Eleven instances were found in 
infants one year of age or less, three cases 
were found in the third year of life and, 
with the exception of two cases occurring 
between the ages of ten and nineteen, the 
remaining twenty-four cases for which 
exact age data are given fall in the group 
of those past twenty years of age. 

Study of sex distribution brings out an 
apparent predilection of the disease for 
males. In forty-nine cases thirty-seven were 
stated to be males and twelve were females. 

Analysis of the probable portal of entry 
of the organism into the blood stream and 
subsequently the subarachnoid space (al- 
though in some instances the subarachnoid 
space may have been entered primarily) 
does not indicate any essential difference 
between the infant and adult groups. The 
most common portal of entry would appear 
to be through penetrating wounds of the 
central nervous system or infections of the 
upper and lower respiratory systems. Otitis 
and mastoiditis are other common sources 
of infection. Less commonly the organism 
may invade through the gallbladder, the 
uterus or the urinary tract. In approxi- 
mately one-fifth of the cases the portal 0 
entry is not known or is not described. 

In addition to the typical clinical findings 
of acute meningitis examination of the 
cerebrospinal fluid presents the picture 0 
an acute purulent meningitis with cloudy, 
thick fluid under increased pressure. The 
cellular response is predominately poly- 
morphonuclear in type, and smear an 
culture of the fluid for organisms of t*c 
Friedlander’s — Aerogenes group are usua ) 
positive. For instance, in twenty-eight o 
the cases wherein note was made concern 

AMERICAN JOURNAL OF MEDICINE 



Friedlander’s Bacillus Meningitis — Sadusk et al. 5 2 7 


ing identification of organisms by smear, 
the smear was positive in twenty-three 
instances. Culture of the cerebrospinal fluid 
revealed the organisms in twenty-five of 
twenty-seven cases. 


one of meningitis secondary to a v unilateral 
mastoiditis and subdural abscess. The 
meningitis spontaneously subsided after 
drainage of the subdural abscess. Since 
then, reports have appeared describing 


Table hi 

SUMMARY OF FIFTY-FOUR REPORTED CASES OF FRIEDlXnDER'S BACILLUS MENINGITIS* 


Age (in years) 


Sex 


0-1 

11 


40-49 3 

1-2 

0 



2-3 

3 


60-69 2 

4-5 

0 

30-39 6 

70-79 3 

Male: 

37 

Female: 12 

Not stated: 5 


Not stated exactly: 


14 


Porta! of Entry 


Focus 

Age 3 or Less 

Age over 3 

Age Unknown \ 

Total 

Otitis, mastoiditis 

1 

7 

\ 

0 

8 

Pneumonia, bronchitis 

5 

3 

0 1 

8 

Paranasal sinuses 

0 

5 

0 

5 

Cholecystitis 

0 

2 

0 1 

2 

Uterine infection 

IS He 

2 

0 

2 

Pharyngitis 

0 

1 

0 

1 

Arthritis 

1 


i 0 

1 

Urinary tract 

1 


0 

1 

Wounds or operations on central nervous system 

0 

14 

0 

14 

Other wounds 

0 

1 

0 

1 

Unknown 

6 

3 

2 

11 






14 

38 

! 

2 

54 


Bacteriology — Blood (antemortem): Culture positive in 12 of 18 cases 

Cerebrospinal fluid: Smear positive in 23 of 28 cases; culture positive in 25 of 27 cases 
Prognosis — Positive blood culture: All 12 patients died; negative blood culture: in 6 patients, 2 survived 


* Published data incomplete for some of these patients. 


In eighteen cases in which antemortem 
culture of the blood was performed such 
culture was positive in twelve instances. All 
of the patients in this group died. Of the 
remaining six patients with negative blood 
cultures two survived. 8 ’ 9 

Only five survivals have been reported: 
the two patients with negative blood cultures 
just noted, and three additional cases 
recently reported by Mori, 2 Paine et al. 6 and 
lontes 11 in which information was not 
given concerning blood culture. 

Specific Therapy. Before the advent of 
c icmotherapy, examination of the litera- 
ture o n Friedlander’s bacillus and A. 
aciogcncs meningitis revealed only one 
instance in which recovery took place. This 
case, reported by Rothschild 7 in 1931, was 

•'I’Rtl,, 1949 


the treatment of this disease with sulfanil- 
amide, 1 sulfapyridine 8-10 sulfadiazine, 3-4 
penicillin and streptomycin separately or to- 
gether 2 ’ 5,6 ’ 12,13 and penicillin with sulfona- 
mides. 6,14 These reports further indicate 
that four recoveries have taken place 
following specific therapy: two cases with 
sulfapyridine, 8,9 one case with sulfadia- 
zine, 3 and one case with streptomycin 
therapy. 6 

In addition to these four recoveries 
TartakofiT, Grynbaum and LeCompte 2 have 
described a patient treated with strepto- 
mycin; this treatment resulted in apparent 
bacteriologic cure although the patient 
eventually died of pulmonary embolism. 
To date a total of eight patients have been 
treated with streptomycin, with but one 
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recovery. In several instances the drug was 
not started until late in the course of the 
disease and may not have had a fair trial. 
In three of the patients no data on dosage 
are available. Analysis of the recovered 
patients reveals nothing of significance with 
respect to age, sex or portal of entry. How- 
ever, it is of interest to point out again that 
not a single recovery has resulted from this 
type of meningitis in which the blood 
culture was initially reported to be positive. 
Results of blood culture were described 
in two of the recovered patients. In both 
instances the blood cultures were negative. 

Streptomycin has a potent effect upon 
experimental infections caused by Fried- 
lander’s bacillus, 15 and it has been reported 
as extremely effective in a variety of other 
infections in the Friedlander-Aerogenes 
group. 13 It would appear that this new 
antibiotic may be the present treatment of 
choice for meningitis due to these organ- 
isms. A daily dose of 4.0 gm. administered 
intramuscularly at intervals of from four to 
six hours supplemented by an intrathecal 
administration of 50 mg. of the drug once a 
day may eradicate bacilli from the blood 
and cerebrospinal fluid. 

Bacteriology*, The differentiation of Fried- 
lander’s bacillus from A. aerogenes is ex- 
tremely difficult and sometimes impossible. 
Occasionally one cannot even separate 
these organisms from E. coli. 10 For clinical 
purposes it is necessary in the light of 
present knowledge to consider B. Fried- 
lander and A. aerogenes in one group 
despite the fact that the former organism 
may be serologically divided into a number 
of types. The Friedlander-Aerogenes organ- 
isms are gram-negative bacilli with well 
defined capsules which produce luxuriant, 
raised, non-pigmented, mucoid and stringy 7 
colonies on solid media. They do not liquefy 
gelatin. Their biochemical reactions are 
exceedingly variable and even serologically 
identical strains may sometimes yield dif- 
ferent tests. 

These problems are well illustrated by 
the variable reactions of the organism iso- 
lated from our patient. (Table 1 .) Although 


capsular swelling was readily obtained by 
Friedlander type b antiserum with the 
strains isolated from the blood, cerebro- 
spinal fluid, nose, throat and urine, such 
reaction could not be demonstrated with 
the organism isolated from the stool. Bio- 
chemical peculiarities such as indol pro- 
duction, dulcite fermentation and methyl 
red reaction are presented in Table 1 for 
strains of the organism isolated from various 
body cavities. 

SUMMARY 

A fatal case of type b Friedlander’s 
bacillus meningitis, septicemia, cholecystitis 
and liver abscess in a sixty year old female 
is reported. Although intramuscular and 
and intrathecal therapy with streptomycin 
resulted in striking bacteriologic improve- 
ment, the patient suddenly died on the 
sixth day of the disease from an unde- 
termined cause. This brings the total 
reported cases of Friedlander-Aerogenes 
meningitis to fifty-four. Before the advent 
of chemotherapy only one recovery was 
reported; since then, four additional re- 
coveries have been reported in which the 
sulfonamides or streptomycin have been 
used. 

Intramuscular and intrathecal adminis- 
tration of streptomycin is probably the 
treatment of choice although only one of 
several patients treated in this fashion has 
survived. 
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Heart Block and Leukemic Cell Infiltration 
of Interventricular Septum of Heart* 

David T. Dresdale, m.d., David Spain, m.d. and Florentino Perez-Pina, m.d. 

New York , New York 


A careful review of the literature 
revealed only two instances of 
patients with leukemia who had 
2: 1 heart block 1,2 and no reports of patients 
with leukemia and complete heart block. 
The paucity of literature on heart block 
in patients with leukemia and without other 
etiologic factors has prompted this report. 

CASE REPORT 

The patient was a forty-four year old, mar- 
ried, white, male carpenter who was admitted 
to Bellevue Hospital with the chief complaint 
of a sharp pain of five days duration which was 
aggravated by motion, shooting down the back 
of his left leg. His present illness began in- 
sidiously about six weeks before admission when 
he contracted a severe cold. Shortly thereafter 
he noticed that his gums were soft, sore and 
bled easily and that he tired more readily. Two 
weeks later he had “quinsy” sore throat which 
was treated by his local physician. At this time 
he began to have vague chest pains and exer- 
tional dyspnea which became progressively 
worse. The sciatic type of pain which brought 
the patient to the hospital began suddenly while 
he was lying in bed and it was so severe that he 
was unable to leave his bed. Two days prior to 
admission he became aware of some swelling of 
his ankles and hands. His past history was 
essentially negative except for gonorrhea at the 
age of nineteen and a rather indefinite history 
of asymptomatic hypertension for three or four 
years before his present illness. The family 
history was non-contributory. 

Physical examination on admission showed 
a well developed and well nourished white man 
who appeared chronically ill. He was com- 
fortable only when he lay still. His skin was pale 
and sallow. There was generalized subcutaneous 
edema, including the face, and small areas of 


ecchymoses in the right axilla and on the 
posterior surface of the left arm. Conjunctivac 
were pale. Fundi showed recent hemorrhage 
and exudates. Gums were markedly hyper- 
trophied, infected at tooth margins and crusted 
with blood. The tonsils were enlarged and there 
was a grayish ulceration at the lower pole of the 
right tonsil. There was generalized lympha- 
denopathy; none of the nodes, however, were 
larger than 3 to 5 mm. in diameter. There was a 
slight increase in the anterioposterior diameter 
of the chest. There were dullness, some sup- 
pression of breath sounds and a few medium 
moist rales at the base of left lung, posteriorly. 
The heart was slightly enlarged to the left; the 
place of maximum impulse was in the fifth 
interspace just lateral to the mid-clavicular line. 
Sounds were of fair quality. The heart action 
was regular, with a ventricular rate of 88 that 
was equal to the pulse rate. A grade n systolic 
murmur was heard over the precordium, loudest 
at the apex. P 2 was louder than A 2 . The liver 
edge, firm, smooth and not tender, was felt two 
finger breadths below the costal margin. The 
spleen was not palpable. There was spasm of 
the low back muscles and great tenderness over 
the course of the left sciatic nerve. Any form 
of motion of the left hip elicited severe pain. 

A provisional diagnosis of acute leukemia 
with leukemic infiltration or hemorrhage to 
involve the left sciatic nerve was made on 
admission. 

Laboratory studies showed: hemoglobin, 6. a 
Gm (Sahli); red blood cell count, 1.94 million; 
white blood cell count, 95,800 with 24 per cent 
neutrophiles, 11 per cent lymiphocytcs, 2 per 
cent monocytes, 60 per cent “blasts,” 3 per cent 
myelocytes; platelets 110,000. In spite of fre- 
quent transfusions the hemoglobin never was 
found to be higher than 9 Gm. and the red 
blood cells, 2.84 million. The differential count 
remained unchanged. Repeated urinalysis was 
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I'lG. 1. Patient A. M. K, a, January 27, 1947; electrocardiogram six days after admission showing complete 
auriculovcntricular dissociation, b, February 2, 1947; electrocardiogram six days later showing complete auri- 
culovcntricular dissociation and inversion of T waves in era, n. m and iv. 


negative except lor one plus albumin and 
occasional white blood ceils and granular casts 
in the sediment. Blood uric acid on three 
occasions was 3.7 mg. per cent, 6.2 mg. per cent 
and 7.5 mg. per cent, respectively. Serum 
proteins on two instances were 4.7 Gm. per 
cent (A/G — 1.1 Gm, per cent/3.6 Gm. per 
cent) and 5.7 Gm. per cent (A/G — 2.1 Gm. 
per ccnt/3.6 Gm. per cent). Electrocardiogram 
1 A ) on January 27, 1947, six days after 
admission, showed complete auriculovcntricular 
dissociation, with an auricular rate of 100 per 
minute and a ventricular rate of 82 per minute. 

oration of QRS equalled .08 second; electro- 
cardiogram (Fig. 1 a) repeated on February 2, 
47,^ continued to show cowp}ete auriculo- 
ventricular dissociation. The auricular rate was 
per minute and the ventricular rate was 
per minute. Duration of QRS equalled .10 
second. The T waves showed progressive 
e tanges, now being deeply inverted in cfi, 
Q ‘ s * CFs nn d diphasic in cf 6 and cf 6 . 

M'Ru., t949 


The patient’s temperature fluctuated between 
100 and 101°f. On the third hospital day the 
spleen could be felt at the left costal margin. 
The patient appeared to improve objectively 
as well as subjectively. The pain in his left hip 
and leg subsided at the end of the first week. 
Therapy consisted mainly of blood transfusions 
and penicillin. On the twenty-first hospital day 
the patient suddenly became apneic and gasped 
two to three times a minute; his pupils dilated 
widely and he appeared to be in extremis. Oxygen 
and artificial respiration were administered 
immediately and the patient regained con- 
sciousness, vomited and perspired profusely. 
Several hours after that episode he seemed to be 
his usual self. Two days later he was found dead 
in his bed. 

The post-mortem findings (necropsy No. 
35032) will be limited to those pertinent to this 
report. The heart weighed 400 Gm. The peri- 
cardium was smooth and glistening. All of the 
valves were delicate and competent. In places 
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Fig. 2. Photomicrograph of section of interventricular 
septum in the region just below the undefended space, 
showing leukemic cell infiltration, focal atrophy and 
fibrosis of the myocardium; hematoxylin and eosin, 
X 150. 

the myocardium appeared somewhat pale but 
there were no definite areas in the gross sug- 
gestive of leukemic infiltration. The left ventricu- 
lar myocardium measured 1.7 cm.; the right 
ventricular myocardium measured 0.6 cm ; 
The coronary ostia were patent and the coronary 
arteries contained occasional small cholesterol 
plaques. There was no narrowing or occlusion 
of the coronary arteries. In the aorta there were 
a few small atherosclerotic plaques. The liver 
weighed 2,750 Gm. and its lobular architecture 
was accentuated. The spleen weighed 630 Gm., 
was firm and the pulp was dark red. Several 
small infarcts were present. The right kidney 
weighed 250 Gm. and the left kidney weighed 
300 Gm. There was diffuse, yellowish mottling 
throughout the cortex and medulla. The mesen- 
teric lymph nodes were enlarged to 3 or 4 cm. 
in diameter and were firm and grayish-white 
on section. The remainder of the lymph nodes 
throughout the body varied in size from 0.5 cm. 
to 2 cm. in diameter and were similar in 
appearance to the mesenteric nodes. The bone 
marrow was dry and presented .a pale grayish- 
pink surface. There were no other significant 
findings. 

Several sections through the interventricular 
septum of the heart, particularly those beneath 
the undefended space, revealed both focal and 
diffuse areas of leukemic cell infiltration (mye- 
loid series). (Fig. 2.) Wherever these cells were 
present there was some degree of atrophy of the 
myocardial fibers and, in places, fibrous tissue 
replacement. The remainder of the myocardium 
did not contain any leukemic cell infiltration 
and revealed no other unusual changes. The 


liver, spleen, lymph nodes, bone marrow, lungs, 
intestinal tract, kidneys and gums were the sites 
of leukemic cell infiltration similar to that seen 
in the myocardium. 

The final anatomic diagnosis was acute mye- 
loid leukemia with involvement of lymph nodes, 
bone marrow, spleen, liver, lungs, alimentary 
tract, interventricular septum of heart, kidneys 
and gums; infarcts of spleen; atherosclerosis of 
aorta, minimal. 

COMMENT 

Of the two patients reported with leuke- 
mia and 2 : 1 heart block, demonstration of 
leukemic infiltration microscopically was 
possible in only one of them since necropsy 
permission was not granted in the other. It 
was assumed that leukemic infiltration of 
the septum was the underlying cause of 
the 2 : 1 heart block in the latter patient, a 
sixty-four year old white woman with 
long-standing hypertension who developed 
chronic myelogenous leukemia because the 
heart block was made to disappear for short 
periods after x-ray therapy was directed to 
the cardiac area. Aronson and Leroy, 1 in 
addition to the patient with the 2:1 heart 
block, presented seven other patients with 
leukemia in whom, microscopically, changes 
in the heart secondary to leukemia could 
be demonstrated. The changes consisted of 
one or a combination of the following: 
(1) leukemic infiltration in various layers 
of the heart, (2) engorgement of the capil- 
laries with immature white cells, (3) recent 
small foci of interstitial hemorrhage and 
(4) severe fatty' degeneration. Six of the eight 
subjects had manifested signs of heart disease 
and had abnormal electrocardiograms. 

Leukemic infiltration of the myocardium 
is not an uncommon observation. 3 J Kirsch- 
baum and Preuss, 3 in going over 14,400 con- 
secutive autopsies, found 123 cases of 
leukemia; of these, the heart was the second 
most commonly' involved organ. They 
found leukemic cells in the capillaries and 
in the interstitial tissue between the myo- 
cardial fibers in forty'- three (34 per cent) of 
the patients. -Unfortunately, electrocardio- 
graphic studies were not reported in any 
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of these although seven of the cases were 
diagnosed clinically as either rheumatic or 
arteriosclerotic heart disease. 

The reason for so few reports on heart 
block in patients with leukemia is not clear. 
It would seem that with the high percentage 
of cardiac involvement in leukemia, there 
should be more instances of heart block. 
Complete and 2:1 heart block could be 
overlooked on physical examination, especi- 
ally in those cases in which there are normal 
pulse and ventricular rates. A ventricular 
rate of 70 to 90 with heart block in subjects 
who are anemic and /or febrile, as is fre- 
quent in patients with leukemia, would not 
be unusual. The patient in this report had 
a regular ventricular rate of 88 per minute 
on admission and a rate of 82 per minute 
as recorded by electrocardiogram six days 
later. The auriculoventricular dissociation 
was not suspected on admission and was 
discovered only after the electrocardiogram 
was taken. It is of interest to note that at 
the time of the second electrocardiogram, 
when the anemia had been improved some- 
what by transfusions, the ventricular rate 
was 62 per minute, a rate suggestive of 
some degree of heart block. Perhaps routine 
electrocardiograms on patients with leuke- 
mia would demonstrate more instances of 
disturbance of the conduction mechanism 
as well as other abnormalities of the 
myocardium. 


SUMMARY 

A case report is presented, including 
post-mortem findings, of a patient with 
acute myeloid leukemia and heart block. 
There was no narrowing or occlusion of 
the coronary arteries. 

Histologic examination of sections of in- 
terventricular septum of the heart revealed 
leukemic cell infiltration, focal atrophy and 
fibrosis of myocardium. The remainder of 
the myocardium was not involved in this 
process. The leukemic cell infiltration of 
the interventricular septum of the heart 
was probably the primary etiologic factor 
in the disturbance of the conduction 
mechanism. 

It is suggested that perhaps routine 
electrocardiograms would reveal more in- 
stances of heart block in patients with 
leukemia since heart block in patients who 
are anemic and/or febrile may be over- 
looked on physical examination. 
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Book Review 


The Acute Bacterial Diseases — Their Diagnosis and 
Treatment. By Harry F. Dowling, m.d., with the col- 
laboration of Lewis K. Sweet, m.d. and Harold L. Hirsh, 
m.d. P. 465. illustrated. Philadelphia, 1948. W. B. 
Saunders Company. Price S6.50. 

This new book presents a discussion of 
acute bacterial diseases “with the purpose of 
combining the new order of diagnosis and 
treatment with that which is worth while 
in the old order. It is intended as a practical 
guide for physicians and interested students.” 

The work is divided into four main 
sections: Part i comprises a brief outline of 
the general diagnostic features of acute 
bacterial infections, followed by an extended 
review of the nature, mode of action, indica- 
tions for use and toxic effects of therapeutic 
agents, including serum, sulfonamides, peni- 
cillin and streptomycin. Parts n and in deal 
with individual diseases caused by cocci 
and bacilli. Part iv considers bacterial in- 
fections in which exotoxins are a major 
factor and closes with a short appendix in 
which methods are described for the assay 
of penicillin and streptomycin in body fluids 
and the determination of sulfonamide levels 
in blood and urine. 

In general the subject matter is well pre- 
sented but many sections, especially those 
dealing with the treatment of specific 
disease entities, appear to have been written 
some time ago without recent revision. The 
appraisal of the sulfonamide drugs is un- 
critical and proper emphasis is not placed 
on the marked differences in their bac- 
teriostatic properties as, for example, be- 
tween sulfanilamide and sulfadiazine. The 
schedules of treatment with penicillin recom- 
mended smaller doses than are usually 
employed at present and are definitely in- 
adequate in some instances, notably in the 
initial therapy of subacute bacterial endo- 
carditis. The oral administration of peni- 
cillin is also repeatedly advocated although 
this method is generally considered to be 
wasteful of penicillin and fraught with the 
dangers of variable destruction and absorp- 
tion of the antibiotic. 

Several errors were noted. The portion 
of the sulfonamides not bound to protein 
is stated to be inactive therapeutically. 


Shock associated with infection is considered 
to be irreversible when it “has reached a 
severe stage, as evidenced especially by 
depression of the systolic and diastolic blood 
pressures.” Influenza is included among the 
list of diseases to be differentiated in cases 
of long-standing fever. In addition to these 
lapses the reviewer takes issue with, the 
authors regarding their views on the 
frequent development of resistance to peni- 
cillin by pneumococci and group A hemo- 
lytic streptococci. Moreover, the lurid 
description of the chronic stage of brucel- 
losis is unsupported by specific references 
and resembles a dramatic account for the 
lay press rather than a considered opinion for 
the guidance of the physician and student. 

These critical comments should not be 
constructed as impunging the value of the 
book as a whole. The authors are to be 
congratulated for a timely, concise, well 
planned account of their subject. 

h.m.R. 

It has been called to my attention that in the 
review entitled “Psychosomatic Medicine, Its 
History, Development and Teaching” by Dr. 
Bernard B. Raginsky of Montreal, Canada, 
which appeared in The American Journal oj 
Medicine , in December, 1948, certain verbatim 
quotations were not properly acknowledged. 
These paragraphs on page 861, were taken from 
an article by Dr. Manuel D. Zane of New 3 or 
entitled “Psychosomatic Considerations in Pep- 
tic Ulcers” which appeared in Psychosomatic 

Medicine, 9: 372-380, 1947. 

The following statements are those in ques- 
tion: 

“Most clinicians . . . accepted concepts m 
peptic ulcers.” 

“Many workers . . . consider as insurmount 
able.” 

“Although the underlying conflict . • • un 
obtrusive.” 

“In 1932 Cushing . . . pepsin-bearing glan- 
dular tissue.” . 

“This concept affords . . . effective approach 

to them.” 

The editor regrets this oversight, which ap 
pears to have been unintentional, and offers is 
apologies to Dr. Zane and to the editors o 
“Psychosomatic Medicine.” 

Alexander B. Gutman, m.d* 
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Foreword 


T here have been many and various 
symposia on poliomyelitis and per- 
haps there is nothing unique about 
this one which might serve to distinguish it 
from those which have gone before. How- 
ever, there are points about this series of 
articles which it would be a mistake not to 
mention. Primarily they have been prepared 
for the internist, whether he or she is in 
general practice, special practice or engaged 
in “hospital medicine.” This is the main 
objective; and if this series of articles can be 
said to have a central theme, it is the 
medical aspect of the acute disease — the virus 
infection of poliomyelitis. To supplement 
this central theme we have tried to include 
what precedes the acute disease and what 
follows it in relation to the natural history 
of poliomyelitis. For, no true clinical de- 
scription of acute poliomyelitis, however 
concise, would be adequate today without 
ancillary considerations with regard to the 
epidemiology of the disease, its pathogenesis 
and pathology, its disturbances in physi- 
°logy, its late management and at least 
brief mention of its public health aspects. 

Some critics might inquire at the onset 
whether any new series of articles on polio- 
myelitis is worth reading in view of the 
claim that so much is written about polio- 
myelitis and there is so little that is new. 
With this latter assumption the articles in 
this symposium take issue. It is true that 
fundamental questions still remain to be 
answered, such as (1) How can acute 
poliomyelitis be cured or arrested? (2). How- 
's poliomyelitis spread? (3) How can polio- 
m> elitis be prevented? But the same can be 


said of cancer, or certain forms of heart 
disease and, in fact, many common and 
important medical conditions. It is freely 
granted therefore that the answers to these 
three questions will not be found in these 
articles but other things will be found both 
timely and new, and some of these I would 
like to point out: 

For instance, in developing current know- 
ledge of the clinical picture of poliomyelitis 
Dr. Horstmann has emphasized that text- 
book descriptions of this disease have in the 
past been largely limited to the picture of 
the paralytic disease in infants. Recently 
there has been a relative shift in the age 
prevalence of poliomyelitis in this country 
and Europe and, although all are not agreed 
as to whether age-specific rates have 
changed, there is no question that in the 
average series of poliomyelitis patients 
which are now seen each summer in this 
country there is a greater percentage of 
cases among adolescents and young adults 
than there was a generation ago, a point 
which has also been made by Dr. Howe 
in his article on the epidemiology of this 
disease. Poliomyelitis in the adolescent or 
young adult has come to occupy a more 
important place than ever before. The 
pediatrician no longer dominates the field. 
Dr. Horstmann’s current studies, based on 
the large epidemics of 1948 in North 
Carolina and California, indicate the man- 
ner in which adult poliomyelitis differs from 
old-fashioned “infantile paralysis.” Absence 
of such knowledge in the past has caused 
confusion and difficulty in the diagnosis of 
poliomyelitis in adults. 
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Also, in developing current knowledge 
of the clinical picture of poliomyelitis 
Dr. Horstmann has indicated that the 
clinician cannot pass lightly over the 
abortive and non-paralytic cases of polio- 
myelitis even though their significance is 
trivial as far as a serious result to the patient 
is concerned. The line which separates the 
non-paralytic from the paralytic patient is 
very fine indeed. Thus an important 
responsibility on the part of the clinician 
is to protect non-paralytic patients from 
anything which may upset that delicate 
balance which determines whether or not 
the degree of central nervous system in- 
volvement will be sufficient to cause clinical 
paralysis. 

Another feature is Dr. Baker’s consider- 
ation of the most serious clinical form of 
poliomyelitis, namely, the bulbar form. 
Within the last three years, manage- 
ment of this type of case has been almost 
revolutionized. 

The after-care of poliomyelitis and con- 
siderations with regard to physiotherapy and 
physical medicine, as well as the approach 
of the orthopedic surgeon, receives fewer 
pages in this series of articles than in other 
similar symposia. We could not cover all 
fields in exlenso, particularly as we are con- 
cerned here with medical aspects of the 
acute disease. But the orthopedic approach 
and the technics of physical medicine have 
not been neglected, to which the articles 
on the use of moist heat by Dr. Green and 
the considerations of after-care by Dr. 
Bennett bear witness. 

Some familiarity with the virus of polio- 
myelitis and its capacity to immunize is 
essential to the clinician. The lag in this 
knowledge has been due, in part, to a 
general lack of appreciation of the fact that 


there are multiple strains of poliomyelitis 
virus. Today it is common knowledge that a 
small but definite family of poliomyelitis 
viruses exists, as indicated by Dr. Ward. 
Advances along these lines have been made 
in Dr. Isabel Morgan’s laboratory, and in 
her article she has mentioned that repeated 
experimental infections with heterologous 
strains can be produced in the same animal. 
It is likely that this also occurs in man for 
second attacks of poliomyelitis in man 
might be due to re-infection with different 
strains of the virus. It would seem that if we 
are to project these findings forward with 
an eventual view to possible control of the 
human disease, the best chance for artificial 
immunization rests upon an appreciation 
that the immunizing agent or agents should 
perhaps be “polyvalent,” or at least should 
have a broad antigenic component. 

Another aspect with regard to patho- 
genesis or pathology is the concept of 
cerebral lesions in this disease, as developed 
by Dr. Bodian. The fact that the central 
nervous system lesions are so extensive, and 
not limited to the anterior horn cells of the 
spinal cord, raises considerations as to 
whether some of the symptoms which have 
been interpreted by clinicians in the past 
on the basis of anterior horn cell lesions are 
not actually due to brain stem or cerebral 
lesions. Dr. Bodian indicates that as far 
as the pathologist is concerned all cases of 
poliomyelitis are ‘encephalitic.’ 

And finally it is a pleasure to have this 
series as a medium in which Dr. Buchtal of 
Copenhagen, Denmark again can present 
the distinguished work of his Neurophysio- 
logical Institute to American readers. 

John R. Paul, m.d. 

Yale University School 
of Medicine 
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Symposium on Poliomyelitis 


Epidemiology of Poliomyelitis in the Light 
of Modern Research* 


Howard A. Howe, m.d. 
Baltimore , Maryland 


A lthough poliomyelitis was first de- 
scribed by Heine in 1 840, 1 it 
^ apparently was not recognized as 
an epidemic disease until much later in the 
century. The first sizable outbreak to be 
noted took place in Stockholm in 1887 and 
comprised forty-four cases. (Medin 1891.) 2 
The many reports of scattered cases during 
this hiatus show with little doubt, however, 
that the disease was constantly present in 
western Europe. A similar trend can also 
lie seen in the United States. Colmer in 
1843 3 described “teething paralysis,” a 
malady which he found confined to a small 
group of children under two years of age in 
Louisiana. This was followed in 1894 by 
Cavcrly’s account of an epidemic com- 
prising 132 cases of undoubted polio- 
myelitis in Vermont. 4 In Sweden the year 
1905 marked the first of a series of large 
epidemics of poliomyelitis which were to 
plague the people of the temperate zones 
from that time to the present. Wickman’s 
description" of this Swedish epidemic (1,031 
cases) established the epidemiologic pattern 
of poliomyelitis and thinking about it has 
varied little since that time although addi- 
tional documentation has been produced to 
support numerous points which were de- 
duced by Wickman on epidemiologic evi- 
dence alone. 

Wickman characterized poliomyelitis as 
an . epidemic infectious disease affecting 
children primarily and spread by contact 
Mth clinical and subclinical cases or 
s >mptomless carriers. He was able to 
( esci ibe many secondary cases apparently 


resulting from contact with infected indi- 
viduals, in all probability because the 
epidemic involved small villages and rural 
areas which could be intensively studied. 
This experience has been duplicated in 
more recent times in other areas, both 
rural 6,7 and urban. 8,9 The precise type of 
contact was not known to Wickman nor is 
it known today. 

In 1912 Kling, Petterson, Wernstedt and 
Josefson 10 found virus in throat washings 
and intestinal contents from fatal paralytic 
and non-paralytic patients. While some- 
what questionable from a laboratory stand- 
point, these findings have been amply 
confirmed in more recent times. 11-16 The 
discovery of a dual mechanism by which 
virus might escape from the infected indi- 
vidual unfortunately could not settle the 
question of the mode of transmission of 
poliomyelitis nor has the more recent find- 
ing of virus in association with flies and 
urban sewage 17-19 contributed crucial evi- 
dence. For some years these basic ob- 
servations have been shuffled in different 
proportions into various combinations, some 
with modern trimmings and with changing 
emphasis on the means by which virus may 
reach the susceptible human host. This 
may never be exactly demonstrated. Never- 
theless, recent research has done much to 
indicate what must be known about polio- 
myelitis in order to break the chain of 
transmission at its most accessible point. 

Wickman believed that his evidence 
implicated man as the source of the virus 
and modern work has done little to refute 
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this conclusion. No true animal or plant 
reservoir has yet been demonstrated 20 since 
even the virus, which is found in association 
with flies, appears to be of human origin 
rather than the result of growth within the 
insect itself. 21 Such being the case, it is 
logical to look within man’s rather imme- 
diate environment for the conditions which 
allow an equilibrium between the host and 
the parasite. It is therefore necessary to 
think not only in terms of the degree of 
man’s exposure to the virus but also his 
reaction to previous exposure, that is, his 
immunity. 

It can be shown in a number of ways that 
humans become solidly immune to paralysis 
by poliomyelitis virus although this state- 
ment requires some qualification in relation 
to different virus types which will be made 
later in this paper. Furthermore, monkeys 
paralyzed by inoculation of poliomyelitis 
virus do not become paralyzed again upon 
re-inoculation of the same material, 22 nor 
would poliomyelitis continue to be a 
children’s disease except under very special 
conditions of exposure unless the presence 
of widespread immunity were the explana- 
tion. Thus while the apparent predilection 
of the disease for children has several 
interpretations only one seems in con- 
formity with the facts. It is not logical to 
assume that exposure to the virus is signifi- 
cantly greater in the younger age groups 
since all ages live in the same homes. 
Neither can it be shown that mere physio- 
logic maturity brings a type of non-specific 
resistance for the average age of paralytic 
patients has been consistently higher in 
rural areas than in large cities of the same 
climatic zone. 23- " 25 The exclusion of these 
possibilities leaves the acquisition of specific 
immunity as the most acceptable explana- 
tion of the age selection in poliomyelitis. 
This is corroborated by the fact that the 
acquisition of serum antibody against the 
Lansing type of poliomyelitis virus closely 
follows the age pattern of the paralytic 
disease 20-23 and that the distribution of 
antibody to an unclassified virus type in 
urban and rural areas is also in conformity 


with the age distribution of the overt 
disease. 29 

It is generally recognized that many 
poliomyelitic infections produce no symp- 
toms at all, or that they may be associated 
with a non-specific .syndrome consisting of 
fever, malaise, headache, nausea, vomiting, 
constipation or sore throat in various com- 
binations. 30 These cannot with assurance be 
recognized as poliomyelitic infections even 
in the presence of an epidemic setting with- 
out virus isolation. Patients who present 
muscle pains and stiff neck or back in 
addition to the previously mentioned signs 
and symptoms, and who also show an in- 
crease in leukocytes and protein in the 
spinal fluid as an indication of CNS in- 
volvement, may be diagnosed as having 
non-paralytic poliomyelitis with more as- 
surance, particularly if these symptoms 
occur in association with paralysis. How- 
ever, the distinction of these non-paralytic 
patients from those showing weakness and 
paralysis of voluntary muscle is entirely one 
of degree since in both types the CNS is 
invaded. 31 

One can get some idea of the relative 
numbers of clinically recognizable and 
subclinical cases by a comparison of polio- 
myelitis and measles, diseases which, for 
the most part, reach the individual before 
the twenty-fifth year of life. In Baltimore 
between 1921 and 1944, 119,432 cases of 
measles were reported among the white 
population while during the same period 
only 898 cases of paralytic poliomyelitis 
were recorded. (Table t.) Similarly, in the 
rest of the state of Maryland, exclusive of 
Baltimore, from 1920-1945 the records 
show 97,909 cases of measles in all races 
and 1,185 cases of paralytic poliomyelitis 
with virtually the same age distribution. 
It is difficult to escape the conclusion that 
there were during this period an average 
of one hundred poliomyelitic infections to 
one reported case. 

Approximately the same ratio of clinical 
to subclinical cases is indicated by the 
survey of Selwyn Collins 32 which included 
20,258 individuals from zero to twenty-four 
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years of age in twenty-eight cities of the During that time the largest reported out- 

United States. In this group 11.01 per 1,000 break consisted of eleven cases, producing a 

had a history of antecedent poliomyelitis, “rate” of roughly 37 per 100,000 persons 

including death. Since poliomyelitis inci- which is equivalent to those reported in 

dence is negligible over twenty-five years Baltimore at epidemic times. Easton and its 

of age, these figures indicate that effective environs were conscious of poliomyelitis but 


Table i 

Rr.rOUTED CASES OF MEASLES AND POLIOMYELITIS BY AGE 
CROUPS — COUNTIES OF MARYLAND, 1916~1943 


Age Groups 

Cases of Measles 

Cases of 
Poliomyelitis 

As 

Re- 

ported 

Accumu- 
lated by Age 

As 

Re- 

ported 

Accumu- 
lated by Age 

No. 

Per 

Cent 

No. 

Per 

Cent 

0-4 

24,128 


24 3 

614 


51.7 

5-9 

43', 087 

67,215 

67.8 

282 

896 

75.6 

10-14 

16,365 

83,580 

84.3 

157 

1,053 

88.9 

15-19 

6,772 

90,352 

91.2 

69 

1,122 

94.7 

20-39 

7,109 

97,461 

98.4 

53 

1,175 

99.1 

40-59 

708 

98,169 

99.1 

5 

1,180 

99.6 

60 + 

95 

98,264 

99.2 




Unknown 

815 


0.7 

5 


0.4 

Total: 

99,079 

99,079 

100.0 

1,185 

1,185 

100.0 


’Figures obtained through the courtesy of Dr. Riley 
of the Maryland State Dept, of Health. 


immunity had been achieved by the popula- 
tion at the rate of approximately one hundred 
infections to one clinically recognized case. 
A similar ratio has also been arrived at by 
Casey and his co-workers on the basis of 
clinical-epidemiologic observations. 33 

Another picture of the subclinical im- 
munization process may be seen by com- 
paring the reported cases of poliomyelitis 
over a period of twenty-five years in a large 
city such as Baltimore with two smaller 
cities of Maryland. (Table n.) While the 
disease has been reported every year in 
Baltimore with periodic upswings, the 
smaller cities of Hagerstown and Easton 
have had a much less spectacular, although 
9 pical, experience with poliomyelitis. 

h> Hagerstown and its rural districts 
poliomyelitis has been reported only half 
°f the years from 1925 to 1948, inclusive. 

Ray, 1949 


Table ii 

REPORTED CASES OF POLIOMYELITIS IN MARYLAND 


Baltimore 

(white patients only). 

1 940 White 
Population 
693,257 

Hagerstown 
and Rural 
District. 1940 
Population 
32,491 

Easton 
and Rural 
District. 1940 
| Population 

V 4,528 

1925 

21* 

2t 

0t 

1926 

26 

l 0 

0 

1927 

9 

0 

0 

1928 

122 

1 

0 

1929 

9 

0 

0 

1930 

19 

3 

1 

1931 

13 

1 

0 

1932 

13 

0 

0 

1933 

13 

0 

0 

1934 

10 

0 

0 

1935 

46 

0 

0 

1936 

6 

11 

0 

1937 

45 

0 

0 

1938 

2 

0 

0 

1939 

10 

0 

1 

1940 

4 

0 

0 

1941 

90 

2 

2 

1942 

3 

1 

0 

1943 

7 

1 

0 

1944 

152 

5 

0 

1945 

21 

2 

0 

1946 

25 

0 

0 

1947 

26 

3 1 

1 

1948 

13 

2 

0 


* Figures from the Baltimore City Health Dept, 
(courtesy of Dr. Fales). 

t Figures from the Maryland State Health Dept, 
(courtesy of Dr. Riley). 

four times during this twenty-three-year 
period. In 1941 two cases were reported, 
producing a rate of 58 /100,000. No one can 
doubt that poliomyelitis was present more 
frequently and extensively than is indicated 
by these “epidemics,” and that the popula- 
tions of these towns were being immunized 
with only slightly less thoroughness than 
those of Baltimore. The consistent selection 
of children under twelve years (100 per cent 
in Easton and 70 per cent in Hagerstown) 
is the best proof of this. 
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It is important, however, to emphasize 
that while these estimates probably reflect 
the over-all picture they may be in error 
for any given situation. For example, it is 
generally accepted that certain virus strains 
consistently produce severe paralysis in 
laboratory animals while others may be 
associated with such mild disease that 
microscopic examination is necessary in 
many cases to establish the existence of 
infection. There is every reason to believe 
that these same differences occur in nature. 
Since the recognition of a poliomyelitis 
epidemic depends primarily on the identifi- 
cation of cases, it is clear that a number of 
variables will determine the extent of its 
recognition. These include not only the 
severity of the infection, as has been just 
suggested, but also the reporting practices 
and abilities of the attendant physicians, as 
well as the season and locality in which 
disease occurs and also the residence and 
age of the patients. These last variables 
may account for deficits in reporting as high 
as 68 per cent, even in a poliomyelitis- 
conscious community (the state of Massa- 
chusetts) where small town physicians are 
particularly loath to make a diagnosis of 
poliomyelitis in an infant during the winter 
months of a non-epidemic year. 34 It is not 
surprising, therefore, to encounter numer- 
ous inconsistencies in the reported incidence 
of poliomyelitis. 

Modern laboratory studies have shown 
the virus of poliomyelitis to be pi'esent in 
stools during the acute stages of the paralytic 
disease in such a high percentage of cases 
that it seems justifiable to consider it a 
constant concomitant of GNS invasion. 35,30 
This probably is true for non-paralytic 
patients although the documentation is not 
extensive. Within a week of the onset of 
symptoms the frequency with which virus 
can be demonstrated in stools falls off but, 
nevertheless, virus has been shown to 
persist in some individuals for as long as 
eleven to twelve weeks. 13 ' 37,3S 

Virus has also been demonstrated in 
swabs taken from the throats of acute 
paralytic patients and in face masks worn 


by juvenile patients who had coughed and 
drooled into them. 30 While virus has been 
isolated from the throat 14 ' 16 in nearly 50 
per cent of the patients within three to five 
days of the acute onset of disease, its 
incidence falls off very rapidly thereafter. 
Occasional isolations from abortive cases 
are recorded as late as the eleventh day.’ 6 
It is probable that the failure to detect virus 
in the oropharynx as long as in the stools 
reflects a real biologic difference since it is 
known that antibody may be present in the 
pharyngeal secretions, 40 although it has not 
been demonstrated in the stools. It is there- 
fore possible that the antibody response 
following infection clears the pharynx of 
virus in a relatively short time. 

Little is known about the incidence of 
virus in the stools or pharyngeal secretions 
prior to the onset of symptoms although it 
has been described in the former twelve and 
nineteen days before onset. 41,42 There have 
also been a few isolations of virus from 
the oropharynx four to six days before 
clinical symptoms were observed. 43,44 In- 
vestigation of the virus distribution in the 
family associates of a patient has amply 
demonstrated the relative frequency of 
asymptomatic virus infections of the ali- 
mentary tract 45-47 while random sampling 
of the population at epidemic times has 
suggested a wide distribution of oropharyn- 
geal and fecal virus carriers 48-50 many of 
whom were not sick. Pearson et al., 46 in a 
survey of infected individuals in the Fort 
Worth, Texas poliomyelitis epidemic of 
1943, have provided the data from which 
to compare the number of observed sub- 
clinical infections with that expected if the 
ratio of clinical to subclinical infection were 
approximately 100 to 1. For example, dur- 
ing the period of their study ten cases of 
reportable poliomyelitis occurred in a city 
of 200,000 persons. If in reality 1,000 
infections had developed during this period, 


me would have expected an infection rate 
}f .005. The investigators drew a sample of 
374 persons who had no known history of 
:ontact with a patient with poliomyelitis. 
Tn the basis of the aforementioned rate 1-8 
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silent infections would have been expected 
in this group and at least two were found. 

Modern studies have effectively ruled out 
the olfactory mucosa as a portal of entry of 
the virus by the demonstration that the 
olfactory bulbs of fatal human patients do 
not show characteristic lesions 51,52 or con- 
tain virus. 55 Nor is there evidence that the 
virus proliferates in the olfactory mucosa 55 
although it is easily found in the pharynx 
and contents of the gut of both patients and 
carriers. Although it is not entirely clear 
how the virus gains entrance to the ali- 
mentary tract, the evidence points strongly 
to it as the tissue from which invasion of the 
CNS takes place. There is a large body of 
fact indicating that the virus travels by way 
of nerves to the CNS and is disseminated 
within it along nerve pathways. 105 

Poliomyelitis might be transmitted from 
one individual to another in a variety of 
ways: indirectly by an arthropod vector 
with or without an animal reservoir, 
through mass contamination of food or 
fluid by feces, relatively directly by hand- 
to-mouth transfer of feces or pharyngeal 
secretions from child to child or through 
playthings, finally, by immediate droplet 
(“respiratory”) contact. 

The first possibility, that of a blood- 
sucking arthropod with or without an 
animal reservoir, may be ruled out with 
reasonable assurance. Since poliomyelitis 
does not have an important blood stream 
phase, 31 there is little reason to expect that 
blood-sucking insects would become in- 
fected from man. Furthermore, it is difficult 
to visualize cither an animal reservoir or an 
arthropod vector of sufficiently universal 
distribution to account for the world-wide 
extent of poliomyelitis. Also, the diffuse 
pattern of poliomyelitis in city and country 
15 ffoitc different from the rural concentra- 
tion of St. Louis encephalitis and equine 
encephalomyelitis, both mosquito-borne, as 
^ell as the special localizations of arthro- 
pod-transmitted rickettsial disease. 55 Fur- 
thermore, the persistence of poliomyelitis 
c .(*’ cm ’ cs ' n to the winter months clcarlv 
C1 cientiatcs this disease from mosquito- 

41 AY, 1949 


transmitted equine encephalomyelitis which 
ceases abruptly with the advent of cold 
weather. 56 " 

Spinal cord emulsions containing Lansing 
virus are rapidly inactivated by sludge. 5 ' 
Nevertheless, since it is known that active 
virus is discharged by certain sewage plants 
into streams, contaminated water is a 
potential source of infection. While there is 
some difficulty in translating the results of 
laboratory experiments to the conditions of 
urban water disinfection, 58,59 it appears that 
ordinary methods for the purification of 
drinking water are effective. Even if this 
were not true, however, the slow radial 
spread of poliomyelitis from a circum- 
scribed focus is not that of an explosive 
epidemic disseminated through a city water 
distribution system. 7,60 It is impossible to 
consider drinking water as the agent for 
dissemination of the disease in rural districts 
where each family usually has an individual 
water supply unless one thinks of the entire 
water table of an area as contaminated. 

Mass contamination of a single source of 
milk has been reasonably indicated in only 
three epidemics despite diligent search so 
that it seems likely that mass contamination 
of food would not go unnoticed. 61-65 The 
fact that there are frequently multiple cases 
occurring in families within a few days 
suggests a common exposure. Lavinder, 
Freeman and Frost 60 found 70 per cent of 
multiple familial poliomyelitis cases occur- 
ring within five days and but 40 per cent of 
diphtheria or scarlet fever cases so dis- 
tributed. Aycock and Eaton 64 suggested 
that this phenomenon could be explained 
by the advent of an asymptomic carrier into 
a household. However, it is also consistent 
with the idea of contamination of food by 
flies. 

In a very ingenious experiment Ward, 
Melnick and Horstmann 65 exposed bananas 
and fly bait to flies for twenty-four to forty- 
eight hours on the back porches of some 
twenty rural homes in which there was 
poliomyelitis. When the material was fed to 
two chimpanzees, both developed inap- 
parent poliomyelitic infections. Unfortu- 
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nately, the food was to some extent also 
exposed to the general environment as well 
as to the flies so that this important controi 
is not entirely satisfactory, but there seems 
to be little reason to doubt that a large 
number of infected flies could contaminate 
food if allowed access to it for considerable 
time. 

It is difficult to assess the role of flies in 
the usual spread of infection. Experiments 
on fly abatement with D.D.T. have not 
resulted in any demonstrable control of 
epidemics but have almost invariably been 
instituted while the epidemic was at its 
peak or on the decline. 66 

Another episode which appears to mini- 
mize the importance of flies took place in 
connection with an unprecedented polio- 
myelitis outbreak on the Island of Malta 
where human sewage is used to fertilize the 
fields. During August and September the 
incidence of typhoid rose but the outbreak 
of poliomyelitis did not occur until Decem- 
ber and January when there were virtually 
ho flies present. 67 It may also be valuable 
to cite an outbreak of poliomyelitis at 
Elkins, West Virginia involving seventy 
cases which took place entirely in the 
winter. 68 The temperature was below freez- 
ing most of the time and flies were seen only 
occasionally on unusually warm days. 

For the most part, infected flies have been 
trapped in rural areas where they had ready 
access to human feces, 69 but infected catches 
have also been made in cities with modern 
sewage disposal such as Cleveland, Ohio 70 
and Rockford, Illinois. 71 Despite these 
findings urban fly populations in general 
have declined greatly since the advent of the 
automobile, with a concomitant decrease in 
dysentery rates but without any correspond- 
ing decrease in the incidence of polio- 
myelitis. The role of the fly then remains an 
indeterminate one since no positive evidence 
for its participation has been advanced to 
counter such negative evidence as the 
aforementioned . 

While it was claimed in 1911 that polio- 
myelitis virus had been isolated from the 
dust of a sick room, 72 confirmation of this 


observation with modern methods has not 
come to light, nor is it known how long 
virus remains active when dried in fecal 
remnants or droplet nuclei. While virus 
might retain its activity for some hours on 
inanimate objects, it is not necessary to 
postulate a longer survival time to account 
for the transmission of the disease. 

The evidence for direct person to person 
transfer of virus is again largely circum- 
stantial. However, no one who has watched 
children at play can doubt that many 
opportunities exist for the transfer of 
pharyngeal secretions or feces, not only 
among the children themselves but also to 
their adult associates. Two independent 
epidemiologic studies based upon secondary 
cases presumably arising from a single 
contact with an extrafamilial primary 
case 6,73 both indicate the infectious period 
to be four to five days before and after the 
onset of symptoms. This interval, of course, 
corresponds very closely to that during 
which virus is readily demonstrable in the 
pharyngeal secretions of the patient. The 
fact that the continued elimination of virus 
in the stools has not been connected with 
appearance of secondary cases again con- 
stitutes negative evidence in favor of spread 
through pharyngeal secretions. Both polio- 
myelitis and measles spread radially and 
appear to be equally infectious < ' 7 ' 1 yet 
patients with poliomyelitis do not have the 
cough or coryza which is characteristic of 
measles. It must be recognized, however, 
that some children emit visible mouth 
spray even in ordinary conversation. Since 
the minimal infective dose of virus probably 
is very small and the virus might at some 
times be present in saliva, this type of direct 
contact is at least possible. It has received 
little attention by modern workers. The 
absence of lesions in the olfactory bulbs of 
man does not necessarily rule out airborne 
infection. This simply may be an expression 
of the experimentally observed fact that the 
nasal mucosa is not a tissue in which the 
virus proliferates as readily as in the 
oropharynx. 

Since the carrier state may be transient, 
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die demonstration of infection in all the 
members of a family at the time of its 
occurrence 16,4 3-1 7 does not prove that all 
of the individuals were infected by a com- 
mon exposure unless it can be shown that all 
were free of virus on more than one occasion 
during a period of five to twenty-one days 
previous to the onset of the disease. 

Although it appears that much of the 
evidence favors the idea that poliomyelitis is 
transmitted through pharyngeal secretions, 
the suggestive power of analogy is so strong 
that it is very difficult to avoid falling in 
with the idea that a disease with a summer 
cpidcmicity is invariably enteric. The possi- 
bility still exists that there is a dual mecha- 
nism involved and that fecal contamination, 
both through the agency of flies or by more 
direct transfers, may operate under certain 
conditions. This point of view recently has 
been presented and ably supported by 
Sabin. 75 It has been suggested, furthermore, 
that flies may be responsible for the initi- 
ation of summer outbreaks which then con- 
tinue by person to person contact. 05 

While poliomyelitis was recognized as an 
epidemic disease in the north temperate 
zone just before the turn of the century, it 
is still essentially endemic in character in 
such places as Malta, 57 El Salvador, 70 
Puerto Rico, 77 Venezuela, 78 Ecuador 79 and 
Palestine 80 where, with the exception of 
Malta, only small outbreaks have been 
noted in recent years. In these epidemics, as 
in the first ones to be recorded in north 
Europe and the United States, 80 to 90 per 
cent of the cases occurred in children under 
five years of age. While doubtless only the 
severe paralytic cases have been recognized, 
the remarkable correspondence of age selec- 
tion in all of these areas can scarcely be laid 
to ignorance of paralytic poliomyelitis in 
older children or in adults. It seems probable 
that lack of recognition of the disease would 
n cate less distortion in the pattern of age 
selection than in that of total incidence. It 
is certainly difficult to explain the apparent 
<i )scnce of large epidemics in relative!}' 
primitive countries on the basis of the con- 
tinued presence of mild virus strains since 

M A v , tg^9 


during World War n British and American 
troops contracted paralytic and even fatal 
disease while stationed in areas where 
poliomyelitis was virtually unknown in the 
native populations. G7,S1 ~ 83 Obviously, then, 
one can say relatively little about the 


Table hi 

AGE SPECIFIC MORBIDITY RATES ADJUSTED TO TOTAL RATE 

for 1920-1924 (modified from dauer) 


Year 

Age Groups 

• .. 

; 

j Factor 

‘ 

‘ 

0-4 

5-9 

10-19 

20-f 

1920-24 j 

32.5* 

j 

14.9 j 

7 .9 | 

1.4 

1.000 

1925-29 I 

22.6 

15.1 

6.4 

0.80 

0.6715 

1930-34 

22.6 

20.3 

7.8 

0.81 

0.4517 

1935-39 

20.6 

23.3 

9.1 

0.76 

0.7582 

1940-44 

14,9 

j 

22.4 

9.5 

0.93 

! 

0.5476 


AGE SPECIFIC POLIOMYELITIS MORTALITY RATES ADJUSTED 

TO TOTAL RATE FOR 1920-1924 


1920-24 

5.3* 

2.7 

1.6 

0.34 

1.000 

1925-29 

3.9 

3.1 

1.9 

0.34 

0,9041 

1930-34 

3.6 

3.9 

2.3 

0.47 

1.0645 

1935-39 

3.6 

4.1 

2.5 

0.64 

2.2758 

1940-44 

1.4 

3.8 

3.0 

0.64 

2.000 


* Average annual rates per 100,000 persons. 


character of poliomyelitis in primitive 
countries beyond noting that the disease is 
clearly world-wide in its distribution. 

Since the recognition of poliomyelitis as 
an epidemic disease, further modifications 
in age selection have taken place which in 
all probability reflect both the past and 
present experience of the population with 
the virus. For example, in the United States 
there has been a consistent reduction in 
the age specific rates for children under five 
years. This has been noted in relation to 
deaths since 1910 for the registration area 
of that time by Gilliam, 84 and since 1920 
in relation to total reported cases as well as 
deaths in five northern states by Dauer 85 
whose figures are presented in Table in 
and Fig. 1. Both authors agree that there 
has been a progressive decrease in total 
death rates although considerable vari- 
ability is encountered from year to year 
because of local factors. In order to empha- 
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Fig. 1 


size the age trends the average five-year 
rates for the age groups have been multi- 
plied by a factor representing the relative 
decrease or increase in the total rate since 
1920 to 1924 (last column in Table hi). 
When this is done, the relative shifts in age 
selection are clearly visualized. It can be 
seen that the striking decrease in deaths 
under five years has apparently been 
balanced by a rather uniformly distributed 
increase in all the older groups. 

Total reported cases (paralytic and non- 
paralytic) show the same trends although 
the relative drop in the rates under five 
years is less spectacular than that observed 
in the death rates. Here there has been a 
definitely greater incidence in the five to 
nine-year group so that the slope of the first 


limb of the curve has changed because of 
alterations at both ends. While there is a 
slight relative increase in the ten to nineteen- 
year class, this limb of the curve has scarcely 
altered its slope, indicating that changes in 
this group relative to the five to nine-year 
group have been proportional. Such a small 
increase has taken place in the selection of 
adults that there is scarcely any perceptible 
alteration in the slope of this portion of the 
curve. 

Essentially the same findings have been 
reported since 1911 for Denmark and 
Sweden 86,87 where deaths and paralytic 
cases have been tabulated separately, thus 
avoiding admixture of an unknown number 
of non-paralytic patients who do not have 
the same age distribution as the paralytic 
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ones.® 7-89 In the Scandinavian countries 
there has been the same relative reduction 
of incidence under five years of age but a 
considerably more marked selection of 
adults than is indicated by the American 
statistics. The shift toward older ages, 
however, is by no means as striking as one 
is led to believe from tabulations dealing 
only with the per cent age distribution of 
patients, a measure which is distorted by 
the marked aging of the population. 

It is impossible on the basis of present 
knowledge to do more than suggest several 
possible explanations for this phenomenon. 
Burnet 50 has advanced the hypothesis that 
mutation of the virus has resulted in strains 
which produce a higher percentage of 
paralytic infections. While mutation of the 
Lansing type has been known to take place 
under drastic experimental conditions, there 
is thus far no crucial evidence that this has 
happened in nature nor is it clear that the 
actual incidence of paralytic disease has 
greatly increased. Dauer 85 suggests that 
much of the apparent trend in the last 
twenty years may be due to improved 
criteria for diagnosis and more complete 
reporting. 

The decrease in the size of families must 
also be considered in this connection. If the 
virus is introduced into the family by older 
children, it is obvious that a child without 
older siblings has less opportunity of meeting 
the virus in infancy than the child who is a 
young member of a large family. In this 
case, however, one would expect a shift 
in the age incidence of other childhood 
diseases. The experience of Baltimore in this 
regard is of interest although it may not be 
typical. The population has been aging 
since 1920 and, concomitantly, there has 
been a shift of maximal paralytic polio- 
myelitis incidence from the zero to four to 
the five to nine-year group. At the same 
time, however, there has been no com- 
parable change for mcasies and whooping 
cough. This suggests that the epidemiology 
°f the latter two diseases is different from 
that of poliomyelitis, also that they have 
t cached a stable equilibrium with the 
wav, 19.(9 


population which is not easily upset while 
such is not the case for poliomyelitis. 
(Fig. 2.) 

Selwyn Collins' study 3 - has shown the 
age shift to be greater in the group with an 
income above S3, 000. This suggests that 
the better class home is not so heavily 
seeded with virus as in the past. This would 
be equally true whether the virus were 
introduced by the school age child or 
whether it had become less prevalent in the 
home because of reduced exposure of food, 
etc. to flies or because of other sanitary 
improvements. In the countries which have 
shown changes in age selection the past 
generation has seen marked alteration not 
only in general sanitation but also an 
improvement of diet and the degree of 
housing congestion. These changes, perhaps 
collectively, have been accompanied by 
striking reductions in the incidence of 
enteric diseases such as typhoid and dysen- 
tery. Meanwhile, little has happened to 
poliomyelitis beyond the shift in its age 
selection which has just been discussed. 

The demonstration of at least three 
immunogenically different types of polio- 
myelitis virus 91-93 offers the possibility of 
clarifying considerably the irregularities in 
epidemic pattern which are encountered 
from time to time 94 even though there may 
be considerably more cross immunity fol- 
lowing natural infection than has been 
demonstrated in artifically immunized labo- 
ratory animals. 22 It is also of more than 
passing interest that strains of virus which 
are immunogenically indistinguishable 
nevertheless differ markedly as regards their 
clinical properties in laboratory primates, 
some being very mild and others pro- 
ducing extensive paralysis. 93,95 The possi- 
bility, therefore, exists for a succession or a 
mixture of types in various times and areas. 
It may not be irrelevant in this connection 
that strains representing the three prcsentlv 
known types have all been isolated from the 
Los Angeles area since 1 934. Two of these 
produce very severe disease in monkeys 
while the third is very mild. 

While it is highly probable that more 
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Fig. 2 


than three types of virus exist, the number 
cannot be large else poliomyelitis would not 
be primarily a children’s disease. The fact 
that well authenticated second attacks of 
poliomyelitis occur in no way abrogates the 
interpretation that adult immunity is the 
result of specific experience with various 
virus types. Second paralytic attacks may 
be induced in the laboratory with hetero- 
typic virus types but it is significant that 
even under these extreme conditions par- 
alytic rates are much lower than those 
observed in animals which have had 
no previous experience with poliomyelitis 
virus . 22 Several studies in recent years 96-98 


have purported to show that attack rates 
for the entire susceptible population in a 
given epidemic are of the same order of 
magnitude as those for second attacks. This 
is interpreted to indicate a complete 
absence of immunity following the first 
paralytic attack. Leaving aside the small 
numbers of second attacks and the ques- 
tionable procedure of accumulating the 
paralytic cases over a period of nearly a 
generation as a denominator for calculating 
the rate of second attacks, a serious difficulty 
remains. Paralysis is an exceptional outcome 
of poliomyelitic infection and is suspected 
to be a function of genetic constitution. 

i. or m n d t c 1 .v r 
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In measuring second paralytic attacks one immunity to intracerebral challenge^ with 

is therefore measuring a special event in a inactivated virus in both monkeys 102 and 

group already selected by the previous mice. 104 The future of vaccine prophylaxis 

occurrence of this event — the risk of pa- lies in increasing the knowledge of the 

ralysis in a group of persons already shown number of virus types and their immuno- 

to be especially susceptible to paralysis. genic relationships as well as by improve- 

This interpretation was, in fact, suggested ment in the methods of inactivating virus. 


by one group which participated in a study 
of second attacks. 97 

Attempts at the control of poliomyelitis 
must be based upon a realistic interpreta- 
tion of its epidemiologic characteristics. 
Since the ratio of unrecognized to recog- 
nized infection is of the order of 100/1, no 
widespread effect can be expected from the 
isolation of the patient and his immediate 
contacts, even though it has been shown 
that these represent an appreciable number 
of infected individuals. At best, one could 
look forward to preventing a few cases of 
infection (no one would willfully condone 
association with a patient or his family) but 
could not expect any appreciable effect 
upon an entire epidemic. While swimming 
pools are certainly a potential source of 
contagion, they have never been clearly 
implicated in the actual spread of the 
disease. 

It seems inadvisable to hamper the life 
of an entire community for an objective 
which cannot be attained and which, if 
successful, would only delay to a less 
favorable age 53,101 a natural immunization 
process which goes on at the rate of one 
casualty in one hundred infections. While 
it may be necessary to do something to 
maintain community morale, the physician 
who has no illusions regarding the effective- 
ness of “control measures” can keep them 
at a minimum. Quarantine has clearly not 
eliminated epidemics of measles, a disease 
in which virtually every infected individual 
and many of his contacts can be identified 
and eventually isolated. 

4 he logical point at which to break the 
chain of infections is not by attempting to 
reduce exposure but rather to control 
infection by increasing immunity. While 
vaccines arc still in the experimental stages, 
>t is, nevertheless, possible to produce 

'MV. 1 9 4 «) 
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T he etiologic agent of human polio- 
myelitis is a virus which can be 
identified by the characteristic ex- 
perimental disease it produces in primates, 
by its limited host range, by the character 
and distribution of microscopic lesions in 
the central nervous system (CNS) of the 
infected host, by its immunologic charac- 
teristics and by certain physical and chemi- 
cal properties. 

EXPERIMENTAL DISEASE 

The first step in recognition of the 
poliomyelitis virus is to inoculate suitably 
prepared material into primates. Virus is 
most commonly detected during life in 
human intestinal excreta and material from 
the oropharynx and at postmortem from the 
central nervous system and contents of the 
lower bowel. The routes commonly used 
arc the intracerebral, intranasal, intra- 
pcritoncal, intra- and subcutaneous and 
oral. The most sensitive test is usually 
afforded by direct contact of virus with 
nervous tissue. The rhesus monkey (Macaca 
mulatta) is the species most often employed. 
The chimpanzee (Pan satyrus) and the 
cynomolgous monkey (Macaca irus) are 
especially susceptible to oral administration 
of virus. After a variable incubation period 
(average of one to two weeks) the monkey 
may develop the typical experimental 
disease characterized by a fever of 105°f. or 
more, excitement, ruffled fur, tremors of the 
head and extremities followed by partial or 
complete paralysis of one or more ex- 
tremities. Although separate involvement 
of most of the cranial nerves has been 
described, the one most commonly recog- 
nized is the seventh. The monkey may be 
quickly rendered prostrate and death may 


follow even if careful nursing care is sup- 
plied. Other phenomena exhibited by 
experimental animals may also resemble 
the disease in man. Paralysis or localized 
weakness may be transitory, lasting a day 
or so. The animal may have fever and other 
premonitory signs but no detectable weak- 
ness, or it may exhibit no “clinical” dis- 
turbance whatever and still present the 
typical microscopic lesions of poliomyelitis 
in the CNS from which virus can be 
recovered on passage. 

Pathologic Changes. The typical micro- 
scopic lesions consist of necrosis of the nerve 
cells, neuronophagia and perivascular cellu- 
lar infiltration. The character and distribu- 
tion of these lesions so important in the 
identification of poliomyelitis virus are 
described in detail in Bodian’s article in 
this series. 1 

Physical and Chemical Properties. On the 
basis of filtration experiments the size of 
poliomyelitis virus is estimated to be about 
8 to 17 millimicra in diameter. 2,3 More 
recently Gard has reported from data 
obtained from the electron microscope and 
sedimentation and diffusion constants that 
the FA encephalomyelitis virus of mice is a 
thread-like particle 12.5 by 580 millimicra, 
and he has also observed similar thread-like 
particles in preparations made from human 
stools. 4 Melnick described similar rod- 
shaped particles in purified stools containing 
poliomyelitis virus. 5 The significance of 
these rod-shaped particles was thrown in 
doubt when similar particles were observed 
in normal children’s stools which were 
negative for active virus. Loring ct al., G on 
the other hand, studied purified prepara- 
tions of Lansing virus by electromicrography 
and observed slightly asymmetric particles, 
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with an average diameter of 25 millimicra. 
As similar particles have been obtained 
from the CNS of normal animals it is not 
possible to state with assurance that polio- 
myelitis virus has yet been seen or measured. 
The action of certain physical and 


Host Range. A definition of the term 
poliomyelitis virus is not easily made and 
its subgroups are not easily classified. 12 But 
the pathogenicity for various laboratory 
animals is an important step leading to its 
identification for, in contrast to other 


Table i 


host range of poliomyelitis virus compared with certain other neurotropic viruses 


Virus 

Monkey 

Mouse 

Cotton Rat 

Hamster 

Guinea Pig 

Rabbit 

Hen’s Egg 

Poliomyelitis 

+ 

0 

0 

0 

0 

0 

0 

Poliomyelitis (Lansing group) . . . 
Theiler’s 

+ 

+ 

4* 

+ 

0 

0 

0 

(mouse encephalomyelitis) .... 

0 

+ 

-*h 

+ 

0 

0 

+ 

MM, Columbia SK, EMC 

? 

+ 

4* 

+ 

+ 

0 

+ 

Encephalitis (St. Louis type) 

+ 

+ 

? 

+ 

0 

0 

+ 

Lymphocytic choriomeningitis . . . 

+ 

+ 

+ 

+ 

+ 

0 

+ 

Encephalitis (equine types) 

4* 

+ 

4- 

+ 

+ 

+ 

+ 

Rabies 

+ 

+ 

4* 

4" 

+ 

+ 

+ 

Herpes simplex 

0 

+ 

4- 

+ 

+ 

+ 

+ 


chemical agents on poliomyelitis virus 
indicates that in some respects it is a hardy 
virus. It has been preserved for years in the 
frozen state (— 20°c. or — 70°c.) 7 or in 
50 per cent buffered glycerol at ordinary 
icebox temperature. Ether appears to have 
little if any harmful effect on the virus. This 
fact is especially useful in the laboratory for 
preparing contaminated material such as 
stools, sewage, etc. for inoculation into 
monkeys. The virus is not affected in the pH 
range of 4 to 10 8 nor by 1 per cent phenol. 
On the other hand, it is destroyed by 
such protein-denaturing agents as heat, 
ultraviolet light, chlorine, hydrogen per- 
oxide, potassium permanganate and form- 
alin. Recent studies have shown that it 
is easier to heat-inactivate certain strains of 
virus pathogenic for rodents when this virus 
is suspended in water rather than in milk. 9 
By the same token the presence of organic 
matter appears to protect virus against 
chlorine. 10 It is probable that more chlorine 
is needed to destroy poliomyelitis virus than 
most bacteria 10 although this point has not 
been settled. 11 


neurotropic viruses, most strains of polio- 
myelitis virus are pathogenic only for man 
and other primates, thus serving to dis- 
tinguish poliomyelitis from various types of 
encephalitis virus, some of which are 
pathogenic for mice, others for guinea pigs 
and rabbits also. (Table 1 .) The Lansing 
strain of poliomyelitis virus was first isolated 
and adapted by Armstrong from monkeys 
to cotton rats and mice. 12-14 Since then a 
few others related immunologically to the 
Lansing strain have been similarly adapted 
to rodents. 15,16 Reports of the adaptation of 
Lansing-like strains direct from man to 
rodents 17 ' 18 have not been confirmed. It is 
striking that poliomyelitis virus has not been 
shown to propagate in the embryonated 
hen’s egg; very few viruses which attack 
man fail in this respect. In the process of 
“adapting” viruses to various experimental 
animals one has to be on guard against the 
accidental recovery of agents native to the 
experimental host. Theiler’s virus of mouse 
encephalomyelitis is a case in point. The 
TO strains of this mouse virus bear a close 
resemblance to poliomyelitis virus, both 
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having the same size, simitar reactions to 
certain physical and chemical agents, similar 
distribution in the bodies of their respective 
natural hosts and they are productive of 
similar pathologic lesions. Furthermore, 
only 1 of 1,000 to 10,000 mice develops 
spontaneous paralysis, an incidence which 
appears to have a remarkable parallel in 
human poliomyelitis. The difference in 
host spectrums between poliomyelitis and 
Thciler’s virus is shown in Table i. Im- 
munologic methods may also serve to 
differentiate these agents. 

The so-called MM virus and Columbia 
SK virus, considered by some as strains of 
poliomyelitis, have recently been shown to 
be immunologically indistinguishable from 
cncephalomyocarditis (EMC) virus. 19 ' 20 The 
host range of this group of viruses is not 
that of poliomyelitis and, furthermore, MM 
virus is killed by ether. 29 These differences 
indicate that by present criteria MM and 
Columbia SK viruses do not conform to the 
pattern of orthodox poliomyelitis viruses. 
The possibility of their relation to disease in 
man needs further study. 

Immunologic Characteristics. The problem 
of multiple strains of poliomyelitis virus 
distinguishable by immunologic methods is 
fully dealt with in the article by Morgan. 21 

POLIOMYELITIS IN MAN 

Distribution of the Poliomyelitis Virus. 
Studies of the pattern of distribution of 
virus postmortem in man have increased 
our knowledge of the natural history of the 
disease and, taken together with the finding 
of abundant virus in stools, sewage, flies and 
fly-contaminated food, they have served to 
re-orient the epidemiologist concerned with 
portals of entry and pathways of transmis- 
sion. Instead of being found generally in all 
tissues and organs of the body, virus is 
localized chiefly in the alimentary tract and 
central nervous system. 22-24 In the alimen- 
tary tract virus is detectable at various levels 
horn mouth to anus, in the washed walls as 
)\el) as in the contents. Thus it was found 
*n the tongue, pharyngeal wall with or 
without tonsils, the washed walls and, in 
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separate tests, in the contents of both small 
and large intestines. In the CNS virus was 
found not generally disseminated, as in 
rabies and equine encephalomyelitis, but 
localized in certain specific areas in close 
agreement with the distribution of patho- 
logic lesions and with its progress along 
closed neuronal pathways. Virus was de- 
tected at all levels of the spinal cord, pons 
and medulla, mesencephalon, diencephalon 
and, motor cortex. None was found in the 
frontal and occipital cortexes, in the ol- 
factory bulbs or anterior perforated sub- 
stance. The last two, taken in conjunction 
with the usual absence of virus from the 
nasal mucosa and nasal secretions, 25 ’ 26 points 
away from the nose as a common portal of 
entry. Furthermore, the absence of virus 
from other peripheral collections of cells 
of the autonomic nervous system (salivary 
glands, superior cervical sympathetic gang- 
lia, adrenal glands and urinary bladder 
wall) indicates no centrifugal spread to 
those areas. Its presence, therefore, in the 
wall of the alimentary tract strongly suggests 
that tissue as a primary site of attack and 
invasion. 

Virus has been found but rarely in the 
blood 17 ' 27 which, correlated with the pre- 
viously mentioned data, indicates that the 
blood stream is neither an important nor 
necessary factor in the pathogenesis of 
poliomyelitis. The significance of the occa- 
sional postmortem detection of virus in cer- 
tain viscera and lymph nodes is unknown. 22-24 

Elimination of the Virus. Poliomyelitis 
virus has been recovered frequently from 
washings of the oropharynx and naso- 
pharynx, from pharyngeal swabs and from 
intestinal excreta. In a limited number of 
tests no virus was found in the urine. 25 In 
their summary of the literature up to 1 938, 
Vignec, Paul and Trask 28 found that virus 
had been detected in material from the 
nasopharynx, tonsils and trachea in 1 5 per 
cent of 105 attempts made during the first 
five days of illness and in 7 per cent of 182 
attempts made thereafter. Sabin and Ward 25 
on the other hand found no virus in nasal 
secretions collected on cotton plugs or in 
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saliva from twenty patients in the first two 
weeks of illness. Kessel and his associates 
were unable to detect virus in the nasal 
washings of 139 patients. 23 Later Howe and 
his group 30,31 demonstrated virus in almost 
one-half of the pharyngeal swabs taken 
during the first three days of illness. Results 
were negative on swabs taken later in the 
disease. These findings have been generally 
confirmed in other laboratories. 2G ' 32-34 

During the last decade the emphasis has 
been on intestinal excreta as the mode of 
exit in man. Numerous investigators fre- 
quently have detected virus in the stools of 
patients with paralytic as well as non- 
paralytic poliomyelitis and in those of 
healthy carriers as well. Virus seems to be 
present in higher incidence and to persist for 
longer periods in the stool than in material 
from the oropharynx. Thus Horstmann, 
Melnick and Wenner 35 recovered virus 
during the first week of illness from the 
stools of seven of ten patients but from the 
oropharynx of only two of nineteen patients 
tested; of specimens collected during the 
second week, four of seven stools, but not 
one of seven specimens from the oropharynx, 
yielded virus. Horstmann, Ward and Mel- 
nick 36 have shown that the excretion of 
virus in stools persists appreciably for eight 
weeks. The record is held by Lepine, 
Sedallian and Sautter 37 who detected virus 
in the stool of a patient as long as 123 days 
after onset. Of perhaps even greater interest 
and importance is the detection of virus in 
the stool nineteen days before onset of paralytic 
poliomyelitis by Brown, Francis and Pear- 
son. 38 Similar findings have been reported 
in the pharynx by Gordon and his group. 34 
These studies provoke a number of impor- 
tant questions: In what tissue is virus being 
elaborated that it may be excreted for so 
long before and after the appearance of 
clinical signs? To what degree is the popula- 
tion “infested” before an outbreak? What 
are the factors, controllable or not, related 
to the host, virus or environment which 
determine the conversion of inapparent or 
non-paralytic poliomyelitis to the paralytic 
form of the disease? 
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Mechanism of Immunity in Poliomyelitis and 
Its Bearing on Differentiation of Types’ 

Isabel M. Morgan, Ph.D. 

Baltimore, M aryl and 


I N this paper I will present the concept 
of immunity to poliomyelitis as it has 
been developed in the last few years. 
This concept has been based largely on 
experimental work using monkeys and 
chimpanzees and, for certain purposes, 
cotton rats and mice. Direct observations 
on human beings, naturally more limited in 
scope, will also be discussed. 

Since discovery of the virus etiology of 
poliomyelitis, more attention has been 
given to the pathogenesis of the virus than 
to its immunogenesis, that is, the immune 
response which develops in the wake of 
infection. With the evidence available, I 
will give the basis for the current under- 
standing of immunity in man, whether 
acquired without obvious illness or as a 
result of known infection. To understand 
the epidemiology or immunology of a 
disease entity it is obviously essential to 
know whether the causative agent is a 
single or multiple immunologic type. Thus 
an important addition to the understanding 
of poliomyelitis is the information we are 
gaining on the immunologic types of the 
virus. 

IMMUNIZATION 

Of Monkeys with Active Virus. Earlier 
attempts to immunize monkeys with active 
virus have already been reviewed . 1 Among 
them the outstanding ones are those of 
Kramer, Grossman and Hoskwith 2 and 
Aycock and Kagan . 3 They produced circu- 
lating antibody and intracerebral immunity 
in monkeys vaccinated with active virus. 

In this laboratory we have also vaccinated 
monkeys with active virus. We have found 


the intramuscular route superior to other 
peripheral routes for inducing active im- 
munity . 1 Monkeys vaccinated by repeated 
injections of active virus by this route have 
resisted intracerebral challenge with a large 
dose of the same strain of virus as used for 
immunization. The monkeys also developed 
neutralizing antibody demonstrable at a 
high level in the serum. Use of the Lansing 
strain of virus infective in rodents 4 has 
facilitated these studies. With this virus, it 
is possible to carry out quantitative neutral- 
ization tests in mice. It was found that the 
higher the level of circulating antibody, the 
greater was the proportion of animals 
immune to intracerebral challenge . 5 Based 
on these quantitative results the serum 
antibody level necessary to insure immunity 
was established. Although immune animals 
have a high level of antibody in the serum, 
that in the CNS and spinal fluid is far 
lower. The picture of antibody distribution 
in the actively immunized animal will be 
contrasted later with that in the paralyzed 
convalescent. 

The effect of vaccination is not transient 
for antibody has been demonstrated in the 
serum of three immune monkeys for as long 
as one year after the last vaccination. 

Of Monkeys with Inactivated Virus. Several 
investigators have attempted to vaccinate 
monkeys with poliomyelitis virus inactivated 
by a variety of agents. Some reported pro- 
duction of antibody but not intracerebral 
immunity. The more careful studies of 
Brodie 0,7 with virus inactivated with for- 
malin indicated the possibility of intra- 
cerebral immunity to minimal doses of 
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virus. The results have been critically 
reviewed, 8 It may be stated simply here that 
although his criterion for inactivation was 
far better than that of earlier workers, 
the minimal doses used for challenge 
make the claim of intracerebral immunity 
questionable. 

We have also vaccinated monkeys with 
virus inactivated with formalin. 8 After 
repeated intramuscular injections the ma- 
jority became immune to a large intra- 
cerebral dose of active virus. The serum 
antibody level in these monkeys equalled 
that in monkeys vaccinated with active 
virus. Thus the immunogenic effect of 
active virus has been reproduced in mon- 
keys by virus inactivated by formalin, more 
extensive immunization with the inactivated 
virus being required. Although this result 
gives promise that a safe vaccine might be 
developed, many obstacles will have to be 
overcome before considering vaccination in 
man. A readily available source of virus is 
needed. In order to develop a more efficient 
vaccine much animal experimentation re- 
mains to be done. Complete inactivation 
must be established by the most stringent 
tests available since with a disease of such 
low incidence one would not be justified in 
taking any risk whatsoever in the vaccina- 
tion procedure. Finally, a human trial 
would have to be carried out for efficacy of 
vaccination. Because of the low incidence 
of the paralytic disease, this would require 
a vast human experiment. Gilliam and 
Onstott 5 have estimated, based on an 
expected epidemic rate, that an adequate 
field trial would require at least 15,000 
children. 

In Paralytic Convalescent Monkeys. Several 
investigators have studied second attacks of 
poliomyelitis by re-injection of monkeys 
convalescent from one attack. The results 
have been conflicting. For the present it will 
simplify the question to deal with results 
in which the same strain of virus was used 
for first and second inoculations. KesscI and 
Pait'o reported sixty-three of sixty-five 
individuals refractory to second attacks 
after re-inoculation with the strain inducing 

way, 194 '7 


the first attack. Bodian 11 observed no fresh 
paralysis in seventy-seven monkeys re- 
inoculated intracerebrally with the same or 
immunologically related strains. Howe and 
Bodian 12 found that monkeys uniformly 
failed to develop fresh paralysis when 
re-inoculated in an area of the CNS which 
had been infected earlier with the same 
virus. However, monkeys in which only 
part of the CNS had been infected were 
fully susceptible to virus introduced by a 
previously uninvaded portal. For example, 
they isolated the lower part of the CNS by 
spinal cord transection. The CNS of mon- 
keys so prepared was then infected with 
virus injected into the CNS below the level 
of transection. When subsequently the CNS 
above was exposed to virus, it was found to 
be fully susceptible. 

An interesting interpretation of these 
findings lies in the distribution of antibody 
in the paralytic convalescent animal. It was 
found 13 that the highest antibody levels 
were within the central nervous system. The 
areas most heavily involved with polio- 
myelitis, namely, the anterior horn of the 
spinal cord, and next the medulla, showed 
the greatest concentration of antibody. 
Non-susceptible gray matter and white 
matter showed little or no antibody. The 
level in serum, equal to that in spinal fluid, 
was well below that in the affected gray 
matter. The finding of a high concentration 
of antibody in the areas of the CNS most 
heavily involved not only accounts for the 
immunity to second attack but also explains 
why, in the experiments of Howe and 
Bodian, no such immunity was found in 
those parts of the CNS which had been 
isolated from the first infection. 

TYPE DIFFERENTIATION OF STRAINS OF 
POLIOMYELITIS VIRUS BY RECIPROCAL 
VACCINATION -IMMUNITY 

For the first two decades after discovery 
of the virus etiology of poliomyelitis, strains 
of the virus were used for experimental work 
in monkeys with little consideration of the 
relationship of one to another. The demon- 
stration that active immunity of a high 
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order could be induced in monkeys in 
response to intramuscular injection of active 
poliomyelitis virus 1 has afforded a basis for 
type differentiation. 14 The relationship of 
one strain to the other can be determined 
by reciprocal vaccination and intracerebral 


have now been typed by the method of 
cross-immunity. 15 All but one of these have 
been shown to be more closely related to 
one than to the other of two types of which 
the Lansing and Brunhilde strains are 
prototypes. Nine fell into the Brunhilde and 


Table i 


RELATIONSHIP OF FOUR STRAINS OF POLIOMYELITIS BY RECIPROCAL VACCINATION-IMMUNITY 


Vaccinated with, and Immune to: 

Intracerebral Challenge with: 

Lansing 

Brunhilde 

Kotter 

Frederick 

Lansing 


8/8* (i.n.) 

6/8 (i.n.) f 
0/4 

5/5 

0/5 

0/4 

19/21 

Brunhilde 

4/4 

6/8 

4/5 

34/34 


0/4 

0/5 

19/19 

Frederick 

0/5 

21/22 

Controls 



* Eight monkeys paralyzed of eight challenged, 
t i.n. = intranasal challenge. 

challenge. This method will be illustrated 
by the results obtained with four strains of 
virus. Monkeys were vaccinated by re- 
peated subcutaneous and intramuscular 
injections of active virus of one of the 
strains indicated in Table 1 . They were then 
challenged with an intracerebral injection 
of a dose of the same virus containing 10,000 
infectious units. Those which proved im- 
mune were given an intramuscular step-up 
dose of homologous virus and then chal- 
lenged with the large intracerebral dose of 
an unknown virus. The large intracerebral 
challenge dose insures a control rate of 
90 per cent or over as shown in the accu- 
mulated results at the bottom of the table. 

It may be seen that the response of these 
immune animals to the test virus is virtually 
all or none. The monkeys in groups vac- 
cinated with and immune to either Brun- 
hilde, Kotter or Frederick were also solidly 
immune to the other two strains. They were 
not immune to Lansing virus, nor were 
Lansing-immune animals resistant to these 
three viruses. The three viruses, Brunhilde, 
Kotter and Frederick, therefore constitute 
one type and Lansing another. 

Fourteen strains of poliomyelitis virus 


four into the Lansing type. The Leon virus 
proved to be not related to these two types 
and thus represents a third distinct type. 
Although to date three immunologic types 
of poliomyelitis virus have been found, the 
possibility remains that more types will 
be forthcoming as additional strains arc 
classified. 

TYPE DIFFERENTIATION OF STRAINS OF 

POLIOMYELITIS VIRUS BY SECOND ATTACK 
RATES IN CONVALESCENT MONKEYS 

It has already been stated that paralytic 
convalescent monkeys are immune to ic- 
inoculation of the strain of virus which 
induced the first attack. The question of 
whether a different strain of poliomyelitis 
virus can induce a fresh attack was first 
clearly answered by Burnet and Mac- 
namara 16 in 1931. Monkeys convalescent 
from paralysis induced by a Melbourne 
strain succumbed to re-injection with the 
MV strain from New York. The converse 
was also true in a single MV convalescent 

monkey. 

On the basis of resistance of convalescents 
(as well as of serum neutralization tests 
Paul and Trask 17 and Trask, Paul, Beoc 
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and German 15 also reported qualitative 
immunologic differences between strains. 
Kessel, Stimpert and Fisk 19 and later Kessel 
and Stimpert 20 found a difference in para- 
lytic rates in convalescent monkeys when 
rc-inoculated with the same compared with 


559 

challenge with each of the other three 
viruses. It is interesting that such a second 
attack rate in a larger experience is quite 
consistently around 50 per cent. The nature 
of this resistance of half the animals is not 
fully understood. The Lansing strain was 


Table ii 

RELATIONSHIP BETWEEN FOUR STRAINS OF POLIOMYELITIS VIRUS BASED ON SECOND ATTACKS 

IN CONVALESCENT MONKEYS 


Convalescent from Attack with: 

Intracerebral Challenge with: 

Lansing 

Brunhilde 

Kotter 

Frederick 

Lansing 

0 / 6 * 

8/20 

4/11 

19/32 

26/28 

3/2 

i 0/12 

0/7 

0/7 

18/18 

■ mg 

3/3 

0/5 

0/6 

0/9 

20/22 

1 

Brunhilde 

Kotter 

Frederick 

Controls. . . 



* 0 monkeys showed fresh paralysis of six challenged. 

other strains of poliomyelitis virus. These 
reports laid the basis for the concept that 
all strains of poliomyelitis virus do not 
behave alike in monkeys convalescent from 
infection with one strain. Nevertheless, it 
was difficult from these data to obtain a 
clear idea of the relationships between 
strains. 

In our current undertaking to classify 
strains of poliomyelitis Bodian 11 has used 
second-attack rate in convalescent monkeys 
as another means of type differentiation. 

1 able ii illustrates the relationship between 
four strains as established by this method. 

1 he first and second intracerebral doses 
each containing 10,000 infectious units were 
injected into both sides of the thalamus. 

It may be seen that animals convalescent 
fiom one strain were uniformly resistant to 
second attack with the same strain. Fur- 
thci more, this resistance obtained recipro- 
am ong the three strains, Brunhilde, 
’otter and Frederick. However, Lansing 
challenge induced paralysis in some indi- 
viduals in each group of animals con- 
valescent from Brunhilde, Kotter and 
rcdcnck infection; and, conversely, some 
-nnsing convalescents were paralyzed by 

'L\v, 1049 


found to be different from the other three 
strains which were indistinguishable from 
each other in these tests. Thus the relation- 
ship among these four strains obtained by 
vaccination-immunity is borne out by the 
difference in second attack rates in the 
convalescent. 

IMMUNITY TO POLIOMYELITIS IN MAN 

Naturally Acquired. Several observations 
bearing on immunogenesis have been made 
directly in man. An outstanding feature of 
paralytic poliomyelitis is the age incidence, 
the highest attack rates being in the first 
decade of life. Increasing evidence is ac- 
cumulating that for every paralytic case 
there arc many non-paralytic infections. 
Howe 21 estimates one hundred inapparent 
infections for every recognized case. Another 
pertinent observation is that with increasing 
age a greater proportion of the population 
has a circulating neutralizing antibody. 
Among reports of many authors that of 
Turner, Young and Maxwell maybe cited. 22 
They studied scrum of 303 children and 
found that 86 per cent by the age of ten to 
fourteen years had developed neutralizing 
antibody to the Lansing strain. Thus it 
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appears that increasing antibody with the 
age of the population parallels a decrease 
in incidence in the paralytic disease. I do 
not mean to imply that circulating anti- 
body, per se, is responsible for immunity. 
This is probably not the case since the blood 
stream is not involved in the pathogenesis 
of the virus. The finding of antibody in 
nasopharyngeal secretions 23 of individuals 
with a high level of circulating antibody 
may have a far more direct bearing on 
protection of the individual. This is of 
particular interest in view of the fact that 
this region, more specifically the oro- 
pharynx, is considered one of the probable 
portals of entry of the virus. Virus has been 
recovered from the oropharynx repeatedly, 
not only from patients with poliomyelitis 24 
but from healthy children, playground con- 
tacts of these patients. 25 

Naturally acquired immunity is then 
explained by exposure to virus which in 
most individuals does not produce paralytic 
disease but gives rise to an effective immune 
response. Confirmatory evidence for this 
hypothesis comes from the observation that 
chimpanzees, also susceptible to alimentary 
infection, develop neutralizing antibody 
after receiving virus by mouth in the 
absence of paralysis. 

Since more than one immunologic type 
of poliomyelitis exists, full immunity in the 
adult must depend on prior exposure to all 
prevalent types of virus. 

Passively Acquired. Since naturally ac- 
quired active immunity appears to be 
effective in protecting against poliomyelitis, 
the possibility of prophylactic passive im- 
munization has frequently been raised. So- 
far the results by chimpanzee experiment 
have been negative; no evidence of passive 
immunity to oral inoculation of virus was 
obtained in three chimpanzees receiving 
intraperitoneal injection of large quantities 
of homologous immune serum from vac- 
cinated monkeys. 26 

The use of adult human serum has been 
proposed for prophylaxis in children on the 
rationale that most adult sera have anti- 
poliomyelitis neutralizing power (as shown 


with Lansing type virus). In fact, main 
children in epidemic areas have been given 
adult human scrum in the hope that ii 
might have a prophylactic effect. However, 
the possible beneficial effect of such treat- 
ment has never been adequately measured 
by a human experiment. Even if an effective 
amount of antibody could be given to 
children when an epidemic seemed immi- 
nent, the expected duration of two or three 
weeks of such passive immunization would 
be inadequate to protect children even 
through the remainder of the epidemic and 
such immunization would, of course, leave 
no permanent effect. 

Adult human serum has also been pro- 
posed and used for therapy. However, the 
effect has been extremely difficult to 
evaluate. The best controlled study is that 
of Bahlke and Perkins 27 who gave human 
adult gamma globulin to alternate pre- 
paralytic patients with poliomyelitis (a 
total of 111) entering the hospital in Buffalo 
and Elmira, N. Y. in the epidemic of 1 944. 
Their criteria for diagnosis of a preparalytic 
patient consisted of (1) a spinal cell count 
of 10 or more cells per cu. mm. and (2) no 
definite weakness of any muscle group, nor 
evidence of facial, pharyngeal or respira- 
tory involvement in an individual who 
otherwise presented a clinical syndrome 
indicative of poliomyelitis. The patients 
were followed for six months by physicians 
who did not know which were the treated 
patients. No benefit from the gamma globu- 
lin was detectable. 

As a Result of Paralytic Infection. Im- 
munity in the human convalescent, b) 
analogy with the convalescent monkey, is 
interpreted as based on the presence of high 
concentration of antibody in the affected 
susceptible parts of the CNS. Nevertheless, 
well authenticated second attacks of paralyz- 
ing poliomyelitis in man have been re- 
ported. 11,28 According to information now 
available, second attacks can be attribute 
to fresh infection with an immunologica ) 
different type of poliomyelitis virus. 

As a Result of Paralyzing Infection. There 
are abundant reports of the serum antibo ) 
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status of paralytic convalescent individuals. 
The consensus has been that they do not 
differ from individuals who have had no 
known attack of poliomyelitis. Now that 
we are aware of distinct immunologic types 
of poliomyelitis virus it is obvious that such 
surveys of antibody in convalescents has 
little meaning unless the virus used is known 
to be the same immunologic type as that 
which produced the disease. This objection 
has been overcome in a recent report by 
Hammon and Roberts 29 who studied serum 
neutralizing antibody to the strain of virus 
isolated directly from the patient. Each of 
seven patients showed serum neutralizing 
antibody to his own strain within six days 
after onset of paralysis. Of the four patients 
in whom titrations were done serum anti- 
body in three had risen by forty-five days 
but not in one at twenty-four days after 
onset. These results indicate that human 
convalescents possess circulating antibody 
to infecting virus by the time of onset of 
paralysis; the level of antibody increases by 
one month in convalescence. 

I have tried to bring the concept of 
immunity to poliomyelitis, so long rele- 
gated to a separate category, up-to-date 
according to findings of the last few years. 
Now, forty years since Landsteiner 30 suc- 
cessfully transmitted the disease to monkevs, 
the picture of the disease process and the 
ensuing immunity is becoming clearer. 
Wc hope that further understanding may 
some day enable us to arrest or prevent this 
paralytic disease. 
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T he purpose of this account is to 
consider the present status of knowl- 
edge of those aspects of the pathol- 
ogy of poliomyelitis which concern the 
clinician. If he is to establish an early 
diagnosis and initiate such therapy as will 
afford the patient a maximum opportunity 
for recovery, he must interpret the extremely 
variable clinical picture in terms of the 
underlying infectious process. Predomi- 
nantly this involves a reaction in the tissues 
of the central nervous system, to which this 
discussion will be restricted. It is a remark- 
able fact that even in those non-nervous 
tissues from which the virus of poliomyelitis 
may be isolated at autopsy, its effect is so 
subtle that as yet it cannot be demonstrated 
by histologic means. Yet, so widespread is 
the influence of neurophysiologic mecha- 
nisms in the body and so far-reaching the 
effects of the virus within the nervous system, 
that the symptomatic picture of the disease 
involves the alteration of function of many 
body structures and is notoriously variable 
in character as well as in severity. With 
regard to the point of view to be presented 
in this account it should be mentioned that 
die data upon which it is based were ob- 
tained from detailed study of the central 
nervous systems (CNS) of twenty-four 
human autopsy cases 1,2 and from studies 
of experimental poliomyelitis in monkeys . 3 ' 7 

DEVELOPMENT of the histopathologic 

REACTION 

A satisfactory correlation of symptoms 
and of pathologic substrate depends on a 
dear understanding of the sequence of 


cellular changes throughout the disease. 
Naturally, the earliest changes are most 
informative. Several facts revealed by ex- 
perimental work are important for under- 
standing the origin of the histopathologic 
reaction. The first is that virus activity 
cannot be detected in the CNS until micro- 
scopic lesions are apparent .®’ 8 The second 
is that the onset of virus multiplication in 
the CNS and of the cellular pathologic 
reaction precedes the onset of paralysis by 
at least one day, and often several days. 
The earliest visible changes in an infected 
region in the spinal cord are first, chroma- 
tolysis of Nissl substance in the cytoplasm 
of some of the nerve cells and, second, very 
mild inflammatory changes. These consist 
of the appearance of polymorphonuclear 
and mononuclear cells, initially in the peri- 
vascular region and soon thereafter dif- 
fusely in the gray matter. In later stages, 
such as are represented in human autopsy 
material, the inflammatory changes become 
widespread and obscure these important 
early details. 

It is interesting that although the injury 
and destruction of nerve cells may be inde- 
pendent of inflammatory changes, the latter 
do not occur in the absence of nerve cells. 
For example, in regions of the thalamus 
deprived of nerve cells by means of retro- 
grade degeneration following ablation of the 
cerebral cortex, the inflammatory changes 
of poliomyelitis do not occur even when 
virus is introduced directly into such areas. 
This suggests that although the inflamma- 
tory reaction as it develops may be com- 
plexly determined, its origin, at least, is 


1 r0m lhr Po,iom yrfitis Research Center, Department of Epidemiology, Johns Hopkins University, Baltimore, Md 
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Fig. 1. Regressive stages in spinal cord motoneurons in poliomyelitis. Rhesus Bn 
first day of paralysis. (1 ) Normal anterior horn cell. Note massive Nissl bodies in 
cytoplasm, central position of nucleus, large nucleolus and dispersed chromatin; 
(2 to 4) early regressive stages. Note diffuse decrease in size of Nissl bodies 
(chromatolysis) and nucleus essentially normal; (5) severe diffuse chromatolysis, 
with only a few small masses of Nissl substance in cell periphery. Note clumping 
of chromatin in nucleus; (6) complete dissolution of Nissl bodies in cytoplasm 
which is slightly basophilic in staining. Nucleus is slightly shrunken and contains 
a small eosinophilic inclusion body; (7) cell similar to that in 6, with further 
shrinkage of nucleus. Note infiltrating “polyblasts” surrounding the nerve cell; 
(8) completely chromatolytic cell with severe diffuse basophilia of cytoplasm and 
of shrunken, distorted nucleus. 
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Fig. 2. Stages of degeneration of motoneurons during first day of paralysis, show- 
ing destruction by phagocytosis (1 to 4), by cvtolysis (5 and 6) and by vacuolation 
with absorption (7 and 8); 1 , 2, 3, 5, 7 and 8 from rhesus Bn; 4 and 6 from rhesus 
A696. (1) Intensely hvpcrchromatic cytoplasm and shriveled nucleus. Such 
basophilic cells arc more commonly phagoevtized than those which become 
acidophilic. Note blood capillar) - enclosed by cytoplasm of eel); (2) shrunken, 
hypcrchromatic cell with granular and vacuolated cytoplasm and pyknotic 
nucleus. Beginning ncuronophagia by surrounding leukocytes and macrophages; 
(3) active ncuronophagia of necrotic cell; (4) macrophages and glia cells at site 
of a completely phagoevtized cell; (5) complete chromatolysis, with no trace of 
basophilia in the cytoplasm. Such cells appear to be on the verge of “acidophilic 
necrosis” or the cvtolysis and vacuolation shown in 6 to 8 ; (6) cy tolysis of cell with 
shrunken nucleus showing a beaded, basophilic border. After complete cvtolysis 
a punchcd-out, fluid-filled cavity is left (“falling out”) which is reduced in a 
short time by shrinkage and the infiltration of macrophages, etc.; (7 and 8) cells 
in final stages of vacuolation, with surrounding and invading phagocytic cells. 
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dependent upon a specific reaction of the 
virus with nerve cells. 4 

The changes in nerve cells may occur 
with extraordinary rapidity so that some 
motor nerve cells are destroyed in the pre- 
paralytic period. The sequence of changes 
leading to destruction is summarized in the 
accompanying photomicrographs of cells 
found in the preparalytic and early paralytic 
stage in rhesus monkeys. (Figs. 1 and 2.) 
Many cells pass through most of these 
stages without evidence of surrounding 
inflammatory cells or exudate. It is evident 
that dissolution of the cytoplasmic Nissl 
substance is the earliest visible change and 
that as this progresses changes in the nucleus 
begin. When irreversible changes have 
occurred, the necrotic cell may be removed 
by neuronophagia due to leukocytes or 
macrophages, or may undergo lysis. (Fig. 2.) 

The changes in nerve cells in the acute 
stage are accompanied by an increase of 
inflammatory cells which soon may reach 
tremendous proportions. Three principal 
types of such cells are found in the earliest 
stage, polymorphonuclear leukocytes, mi- 
croglia (polyblasts, macrophages) and mono- 
nuclear leukocytes. The polymorphonuclear 
cells may be extraordinarily numerous in 
some cases but persist only for a few days. 
The microglia are active macrophages dur- 
ing the acute stage but persist in modified 
forms for weeks. Mononuclear cells are 
predominantly lymphocytic cells and are 
present diffusely in the tissue for two or 
three weeks, but persist as perivascular 
accumulations for several months. 

GENERAL PATHOLOGIC FACTORS AFFECTING 
THE CLINICAL PICTURE 

The signs and symptoms of poliomyelitis 
may vary from a few mild and transient 
manifestations to a great assortment of 
abnormalities due both to localized lesions 
in the CNS and to the unlocalized affects 
of an acute infection of the CNS. The 
clinical picture may therefore combine the 
features of an exceedingly complex and 
varied neurologic disease and those of a 
severe inflammatory process. Added to this 


one may have the baffling effect of a process 
in which recoverable injury of many nerve 
cells may be combined with irreversible 
injury to many others, in many different 
proportions. The principal reason for the 
great variability of the signs and symptoms 
of poliomyelitis is not the variation in the 
localization of lesions in the CNS but rather 
the variation in severity of nerve cell injury 
and inflammatory response in different 
centers. Experimental work suggests three 
possible factors which may determine the 
variation in severity of infection. 7 These 
are, first, variations due to differences in 
strains of the virus, second, reduction of 
severity due to previous paralytic or non- 
paralytic infection® and, third, host varia- 
tion unrelated to previous immunizing 
experience with the virus. Although second 
attacks of paralytic poliomyelitis are in- 
frequent events and apparently due to re- 
infection with strains of different immuno- 
logic types, 9 the known existence of at least 
three of such immunologic types 20 makes it 
probable that paralytic attacks may be 
rendered mild due to previous unrecog- 
nized infection with virus of a different 
immunologic type. 

It is important to emphasize moreover 
that although lesions appear in certain 
functional centers in the CNS, symptoms 
attributable to such injury need not neces- 
sarily result. Such injury must reach a 
certain threshold of severity, varying with 
the margin of safety of each center before 
a clinical effect is observed. The evidence 


from experimental work and from human 
material is overwhelmingly clear on this 
point. Neuronal and inflammatory lesions 
may be regularly found in any susceptible 
center, including the anterior horn of the 
spinal cord, in individuals who have never 
exhibited symptoms which are known to 
follow massive injury to such centers. In 
experimental primates neuronal and in- 
flammatory lesions may indeed be found in 
all susceptible centers in the CNS in 
animals who have had inapparent infec- 
tions. 5 The obvious explanation of this is 
that severe lesions are usually neccssar) to 
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produce dysfunction at the clinical level 
and one must therefore look for centers 
which are severely involved for the site of 
origin of clinical signs. 

EFFECTS OF THE INFLAMMATORY REACTION 

Severe inflammatory reactions in polio- 
myelitis are usually but not always associ- 
ated with extensive nerve cell destruction. 
(Fig. 3.) In some cases the inflammatory 
response in small areas may be enormous 
and associated at times with a small focus 
of tissue softening. Occasionally a small 
vessel in such an area may rupture, pro- 
ducing a petechial hemorrhage. These 
softenings were clearly described by Harbitz 
and Schccl 10 and occur only in the severest 
infections. Such softenings are never numer- 
ous, are rarely larger than 1 or 2 mm. in size 
and arc not the result of vascular emboli. 
It is not clear whether they are the result 
or the cause of the very dense cellular in- 
filtration with which they are always 
associated. It seems doubtful that nerve 
cell injury or destruction alone is responsi- 
ble for such an unusual reaction since in 
many areas of severe nerve cell destruction 
the inflammatory response is relatively 
quite mild. It may be that local ischemia 
can result from the agglutination of circu- 
lating blood described by Knisely, et al. 10a 
in acute eases, perhaps accentuated by 
the increased demand for oxygen in some 
severely affected areas. Since tissue rare- 
faction or softening occurs only in those 
regions which contain the specific lesions 
of poliomyelitis, it is apparent that local 
ischemia alone cannot be the cause. Per- 
haps the combination of severe reaction to 
virus and local circulatory embarrassment 
is responsible not only for the occasional 
focal rarefactions, petechial hemorrhages 
and softenings seen in poliomyelitis, but 
•dso those frequently described in other 
shai enccphalitidcs. It is also conceivable 
'hat in small areas an unusually high con- 

c cm ration virus may produce a toxic 

el cet apart from the ordinary pathologic 
< ect of virus multiplication in the nerve 
re s. Such toxic effects of influenza virus 
may, 



Fig. 3. Photomicrographs of human spinal cords, 
showing that the usual association of severe inflam- 
matory lesions with extensive nerve cell destruction 
does not always occur. Gallocyanin stain, X 30. (1) 
Severe motoneuron loss in posterior part of anterior 
horn with very slight inflammatory reaction (Case 
H37, lumbar cord three days after onset of illness); 
(2) severe focal, diffuse and perivascular infiltrations 


of lymphocytes and histiocytes, with most anterior 
horn cells relatively intact in appearance (Case H34, 
lumbar cord twelve days after onset of illness). 


have been described for example by the 
Henlc’s. 10 *' These speculations simply indi- 
cate our ignorance of many of the intimate 
details of cellular pathologic reactions. At 
any rate, the focal tissue breakdown is not 
a primary factor in producing the paralysis 
of poliomyelitis since it follows the period 
of greatest nerve cell damage and occurs in 
scattered foci even in the severest cases. If 
it occurred more commonly in patients or 
more extensively in the CNS, one would 
hardly expect to see the high degree of 
recovery of function which occurs. 

We have seen no evidence in our material, 
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experimental or human, that edema plays human cases show no such severity of 

a dominant role in the production of inflammatory reaction indicates that it need 

paralysis, as suggested by Wickman 11 and not be assumed to be a regular feature of 

frequently stated. Whenever a severe in- the disease and certainly not in non-fatal 

flammatory response occurs in a cord infections. Moreover, severe paralysis may 

segment, the cord in such an area may show occur without evidence of edema and. in 



Fig. 4. Lateral view of human brain, with schematic transparent projection of the mid- 
sagittal surface of the brainstem. General distribution of lesions of poliomyelitis is indicated by 
large dots. Lesions in the cerebral cortex are largely restricted to the precentral gyrus and 
those in the cerebellum to the roof nuclei. Lesions are generally’ found widespread in the 
brainstem centers, with a number of striking exceptions such as the nuclei of the basis pontis 
and the inferior olivary nuclei. 


swelling of the freshly cut surface. In our 
experience, however, an inflammatory re- 
sponse severe enough to produce massive 
exudate in the anterior gray columns 
usually occurs after most of the anterior 
horn cells in the region are already destroyed 
by virus action. In such cases there can be 
no question of possible recovery from 
paralysis since all or most of the motoneu- 
rons are destroyed. This occurs in monkeys 
with severe paralysis and in many fatal 
human infections. The fact that other fatal 


some cases, without important vascular 
changes or severe leukocytic infiltration in 
the cord. 

DISTRIBUTION OF LESIONS 

It is now well known that virus activity, 
nerve cell changes and inflammatory reac- 
tion are localized only in certain regions 0 
the CNS. It has been apparent since the 
classical study of Harbilz and Schccl 10 that 
lesions of the brain arc invariably found m 
fatal infections. In experimental animu s 

, or medicine 
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this includes non-paralytic as well as 
paralytic infections. As far as the -pathologist 
is concerned all cases of poliomyelitis are 
“encephalitic.” However, it is important 
to note that some parts of the brain rarely 
if ever are affected, and only certain centers 
are severely involved often enough to sug- 
gest that their injury produces symptoms. 
The regions which rarely if ever are affected 
include primarily the entire cerebral cortex, 
except for the motor area, the corpus 
striatum, except occasionally for the globus 
pallidus, the cerebellar cortex except for 
the vermis, and the base of the pons. In 
other words, the brainstem as far forward 
as the hypothalamus and thalamus bears 
the brunt of the cerebral pathologic changes 
in poliomyelitis and lesions in the cortex 
are largely confined to the motor cortex. 
(Fig. 4.) The characteristic distribution of 
poliomyelitis lesions has been shown ex- 
perimentally to be due to two principal 
factors: first, the inherent resistance of some 
nervous centers to infection and, second, 
the restricted movement of virus along 
certain nerve fiber pathways. 3 

Lesions in the Cerebral Cortex. An interest- 
ing aspect of the pathology of poliomyelitis, 
as compared with some other virus en- 
cephalitides, is that the cerebral cortex 
which makes up the largest proportion of 
the brain substance rarely shows any 
pathologic changes except in the motor 
area of the precentral gyrus. (Fig. 5, part 1 .) 
Even the lesions here are rarely severe and 
it is doubtful that they are sufficiently 
intense to produce clinical signs, except 
perhaps in rare instances. This point has 
been so thoroughly documented since the 
report of Harbitz and Scheel 10 that it is 
unnecessary to elaborate upon the evi- 
dence here. It has been reviewed in detail 
elsewhere. 1,2 

The relatively slight involvement of 
cerebral cortex indicates that residual be- 
havior disturbances, as well as spastic 
phenomena in poliomyelitis, cannot be the 
result of specific lesions in the cerebral 
cortex. Moreover, other so-called “en- 
cephalitic” symptoms, including restless- 
ly, 1949 



Fig. 5. Cerebral cortex and hypothalamus of a human 
(Case HI 2) nine days after onset of severe paralytic 
poliomyelitis. Gallocyanin stain. (1) Precentral gyrus 
(right) and postcentral gyrus (left) showing remark- 
able localization of lesions in precentral (motor) cortex 
only. Lesions of greater severity are rare in fatal cases 
and it is doubtful that they contribute significantly to 
the clinical picture. (X 5.) (2) Hypothalamus at level 
of paraventricular nucleus (below) showing severe 
perivascular and focal infiltrative lesions. Such lesions 
as well as neuronal lesions are common in fatal cases. 
(X 20.) 

ness, drowsiness, disorientation and coma, 
which occurred in some of our cases were 
not associated with heavier than usual 
reaction in the cerebral cortex but rather 
with a greater intensity of inflammatory 
reaction in the brainstem, extending as far 
forward as the hypothalamus. (Fig. 5, 
Part 2.) It has recently been suggested that 
some of these symptoms may be due to 
hypoxia rather than to specific brain 
lesions. 12 If this is the case, there is never- 
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Fig. 6. The reticular formation and vestibulocerebellar 
centers in poliomyelitis. Gallocyanin stain. (1) Case H32 
five days after onset of disease. Extensive nerve cell 
destruction and inflammatory reaction in reticular 
formation, vestibular nuclei (left) and roof nuclei of 
cerebellum (above fourth ventricle). Very little involve- 
ment of dentate nucleus of cerebellum (upper right). 
(X 10.) (2) Case H12 nine days after onset of disease. 
Lesions are the same as in 1 but are especially severe in 
the left vestibular nuclei and in the right cerebellar roof 
nucleus. (X 5.) 

theless a correlation between “encephalitic” 
symptoms and severe brainstem involve- 
ment although the association may prove 
to be an indirect one. 

Lesions in Brainstem Centers. Lesions in 
brainstem centers have long been recog- 
nized as being associated with fatal polio- 
myelitis infections 10,11 and with poliomyelitis 
infections in which death was not due to this 
disease. 1,2,3,5 ' 13,14 The association of severe 
lesions in cranial nerve nuclei with paralysis 
of corresponding muscles is, of course, well 
known and obvious. What is less well 
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recognized, however, is that most of the 
brainstem centers, with some outstanding 
exceptions such as the nuclei of the basis 
pontis and the inferior olives, may be 
severely affected in poliomyelitis. More- 
over, in our series of twenty-four human 
autopsies there was hardly an individual 
who did not have lesions, sometimes of a 
fairly severe degree, in most of the motor 
nuclei of the cranial nerves as well as in the 
surrounding reticular formation. 1 Yet clini- 
cal signs of paralysis in the corresponding 
muscles were rarely recorded, except in the 
face, pharynx and larynx in bulbar cases. 
The remaining nerve cells in oculomotor, 
motor trigeminal and hypoglossal nuclei 
are generally adequate to maintain good 
clinical function, even in many severe 
bulbar infections. This illustrates the margin 
of safety of these centers, and perhaps also 
a tendency on the part of the clinical ex- 
aminer to overlook mild weakness of some 
of the cranial nerve musclature. 

The three centers in the brain most often 
severely affected are the reticular forma- 
tion, the vestibular nuclei and the roof 
nuclei of the cerebellum. (Fig. 6.) The 
severe and extensive involvement of the 
former has often been recorded. 1,2,11 ' 15,161 ‘ 
In view of the fact that a number of vital 
functional centers are located in the reticular 
formation, it is surprising, in a sense, that a 
fatal termination is not more common. 
Although material from fatal bulbar infec- 
tions reveals destructive changes in the 
reticular formation in maximal degree, 
some of our material from patients who 
had no bulbar signs and who died of 
paralysis of respiratory muscles or of com- 
plications unrelated to poliomyelitis infec- 
tion also showed severe lesions in this region. 
Rarely, brainstem damage was minimal 
although cord involvement was severe. 
(Fig. 7.) A similar case was described by 
Barnhart et al. 16 

In recent years certain complex functions 
of the brainstem have been localized in the 
reticular formation although not in as 
sharply delimited areas as those containing 
the cranial nerve nuclei. Experimental 

AMERICAN JOURNAL OF MEDICINE 



Histopathology of Poliomyelitis — Bodian 57 1 


evidence regarding the localization of re- 
spiratory, vasomotor, swallowing and motor 
inhibitory mechanisms has been reviewed 
by Barnhart et al. 16 Disturbances of these 
functions are no doubt correlated in many 
instances with the extensive lesions ob- 
served in the reticular formation. Guizetti, 
in emphasizing the presence of lesions in 
the reticular formation, suggests a possible 
role of such lesions in producing autonomic 
dysfunction. 15 Evidence has recently been 
presented that generalized spasticity in the 
preparalytic stage of poliomyelitis in rhesus 
monkeys may be due to lesions of the 
reticular formation 18 involving the bulbar 
inhibitory mechanism described by Magoun 
and Rhines. 19 An attempt to make a more 
precise correlation of respiratory and cardio- 
vascular symptomatology in bulbar infec- 
tions with poliomyelitic destruction of re- 
stricted areas of the reticular formation has 
been made by Brown, Baker and McQuar- 
rie 12 (and Am. J. Med., 6: 614, 1949). Large 
symmetrical lesions of the type they observed 
have not been described by others so that 
it remains to be seen how frequently discrete 
destructive lesions occur which are large 
enough to destroy functions apparently 
diffusely represented in the reticular forma- 
tion. In most of our material and that 
described by others the lesions in the 
reticular formation in fatal bulbar cases 
were heavily peppered throughout this 
region rather than being predominantly 
composed of large discrete areas of destruc- 
tion. In a few instances clearly delimited 
areas of complete neuron destruction were 
seen, as large as 1 or 3 mm. in diameter. 
Two of these cases have been described in 
detail before. 2 In one in which such lesions 
were in the lateral reticular formation in 
the region of the nucleus ambiguus on both 
sides death was due to respiratory failure. 
In another with similarly placed lesions, 
death during convalescence was due to 
acute appendicitis and no respiratory diffi- 
culty had previously been noted. There 
are thus serious limitations in the classifica- 
tion of bulbar cases according to the site of 
predominant destruction in the reticular 
may, 1949 



Fig. 7. Unusual case of fatal spinal paralysis with little 
brainstem involvement. H40 seventeen days after onset 
of disease. Gallocyanin stain. (1) Section of lumbar cord 
showing complete motoneuron destruction and massive 
inflammatory reaction, especially on the left side. Note 
the heavy perivascular infiltrations characteristic of the 
subacute and early convalescent periods. (X 20.) (2) 
Same case as in 1 showing relatively slight involvement 
of the medulla oblongata. (X 10.) 

formation, as attempted by Brown et al. 12 
Indeed, these authors emphasize the well 
known overlap of signs and symptoms in 
bulbar infections. The reason for this over- 
lap is apparent in the widespread distribu- 
tion of lesions in the brain stem in all fatal 
bulbar infections. 

At the present time it is not possible to 
assign clinical symptoms to the regularly 
severe damage of the vestibular nuclei 
until experimental work has shown the 
effect both of isolated lesions in these centers 
and of such lesions in conjunction with 
injury to the reticular formation, the roof 
nuclei of the cerebellum, or both. These 
three centers are interconnected by fiber 
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tracts and there is increasing evidence that 
they arc concerned with the modification 
of motor activities originating in the cerebral 
cortex. Severe lesions in the roof nuclei of 
the cerebellum are fairly common in monkey 
and in human poliomyelitis but, although 
monkeys often show severe tremor in the 
preparalytic and acute stage, occasionally 
with ataxia, these symptoms apparently are 
relatively uncommon in human cases. When 
ataxia does occur in human cases, it is 
probably due to severe damage to the deep 
cerebellar nuclei. The cortex of the cere- 
bellum' is almost always free of lesions, 
except for scattered foci in the vermis. It is 
conceivable that the margin of safety of 
vestibular centers and of the cerebellum is 
great enough to preclude the occurrence of 
symptoms when the injury is not too mas- 
sive. It is also conceivable that the nausea 
and vomiting seen in some cases is due to 
severe lesions in the vestibular region. 
Vertigo and nystagmus have rarely been 
described in spite of the frequent occurrence 
of severe vestibular and cerebellar lesions. 

Relation oj Spinal Lesions to Paralysis. In 
the spinal cord, as is well known, the 
severest lesions are always in the anterior 
columns. With severe cord involvement 
intermediate horns may also be heavily 
damaged and posterior horns moderately 
affected, but such damage is more spotty in 
distribution than in the anterior horns and 
the posterior and intermediate columns are 
never wiped out over whole segments as 
are the anterior columns at times. It is to 
be expected, then, that when internuncial 
neurons in the intermediate columns are 
severely affected, the neighboring anterior 
columns of the cord are so extremely 
damaged that flaccid paralysis is likely to 
be the only symptom referable to this region 
of the cord. The possibility remains, how- 
ever, that internuncial neuron damage in 
the cord may contribute to the motor dys- 
function of muscles not completely paralyzed . 

An important jfinding in quantitative 
studies of experimental poliomyelitis is that 
most motor nerve cells in the spinal cord 
enlargements show morphologic evidence 


of virus invasion in paralytic individuals, 
regardless of whether the paralysis is mild 
or severe. 7 Since mild chromatolysis is the 
only sign of such invasion in many cells and 
can be clearly demonstrated only in well 
fixed material, this generalized invasion of 
most motor nerve cells in the spinal cord 
enlargements could not be confirmed in 
our human material. It is possible that the 
much larger size of the human cord is a 
deterrent to such widespread involvement 
of the spinal cord as occurs in monkeys. A 
few of our cases in which death occurred 
soon after onset appeared to have minimal 
lesions in the lumbar cord in the presence 
of severe involvement of the cervical cord. 
The reverse also occurred. In mild ex- 
perimental cases in the first days of the 
disease the great majority of cells exhibit a 
mild degree of diffuse chromatolysis of 
cytoplasmic Nissl substance. In the presence 
of slight weakness of the muscles innervated 
by such cells it is clear that neurons in this 
state are still functional. Quantitative evi- 
dence strongly suggests that the function of 
infected motor nerve cells disappears only 
in the stage of severe chromatolysis. The 
widespread dissemination of virus among 
the motor nerve cell population occurs as 
early as the first day of paralysis. Motor 
nerve cells which are affected either are 
destroyed very quickly during the first few 
days of the disease or undergo slower 
recovery changes leading to complete mor- 
phologic recovery within about a month. 
In limbs showing complete paralysis re- 
covery is, of course, rare and in such cases 
it can easily be shown that only about 10 per 
cent of the motoneurons, or less, have sur- 
vived. Experimental material clearly shows 
that the degree of nerve cell destruction 
alone can account for most of the paralysis 
in the subacute and early convalescent 
period, and is also correlated with the 
degree of muscle atrophy. In the acute 
stage the correlation between nerve cell 
destruction and paralysis is not quite so 
high so that apparently other factors also 
play a role in producing paralysis. One of 
the most significant appears to be the 
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Fig. 8. Rhesus B32. Ninth day after onset of paralysis. (1) Severe central chro- 
matolysis, with normal-appearing nucleus and accumulation of heavy masses of 
Nissl substance near the cell membrane. Regeneration of Nissl substance may 
or may not occur near the nuclear membrane; (2 to 5) similar cells but with small 
Nissl bodies in the central area. This appearance suggests regeneration of Nissl 
bodies from the periphery inward, with the area around the axon hillock (ah) 
last to show recovery (2, 4 and 5) ; (6) motoneuron of essentially normal appear- 
ance except for presence of acidophilic inclusion body (b) in nucleus. In the 
acute stage such inclusion bodies are seen only in cells with severe chromatolysis, 
suggesting almost complete recovery of such a cell. 


injury of nerve cells to a degree incompati- 
ble with function but not with recovery. 
In all instances in which paralysis is not 
complete the reversible injury of many 
motor nerve cells by virus activity must be 
very common . 7 Although available human 
material is not adequate for this type of 
study, the material which we have ex- 
amined and the few cases in the literature 
m which nerve cell changes are dealt with 
indicate that a similar process occurs in 
human poliomyelitis. In all of our human 

may, 1949 


cases with a duration of disease longer 
than three days active neuronophagia was 
no longer common. In most instances evi- 
dence of active destruction of nerve cells, 
present in earlier cases, was absent. It is 
obvious that reported failures to find neu- 
ronophagia are due to the belated arrival 
of the observer. Within a few days after 
onset almost the entire degenerative phase 
of motor nerve cells may be terminated and 
the virus concentration, previously high, 
falls abruptly. Most remaining cells after 
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the early acute stage show a pattern of 
cytoplasmic Nissl substance quite different 
from the diffuse chromatolysis of this period. 
The remaining Nissl substance instead 
tends to aggregate in heavy masses near 
the nerve cell membrane, leaving a pale- 


in nerve cells and in virus concentration in 
the acute and subacute periods are sum- 
marized in Figure 9. 

In experimental as in human cases, 
anterior horn cells may be destroyed either 
in large groups or in scattered fashion over 


ASSOCIATION of PATHOLOGICAL STAGES in MOTONEURONS 
with SPINAL VIRUS LEVELS 



PREDOMINANT STAGES in MOTONEURON DESTRUCTION 

V& r 



PREDOMINANT STAGES in MOTONEURON RECOVERY 



Fig. 9. Schematic representation of sequence of cytopathologic stages in motoneurons in the course of destruction and 
those chromatolyzed but,, able to recover. The approximate time course of changes is shown, with a parallel curve 
showing the trend of rise and decline of virus concentration in the rhesus spinal cord (from Bodian and Cumberland, 
1947). Note that peak levels of virus concentration are attained at the time when the predominant stage of cell change 
in the motoneuron population is that of diffuse cytoplasmic chromatolysis. The curve is a partly hypothetical one, 
showing Lansing virus activity in the rhesus spinal cord. The curve up to the third day of paralysis is based on median 
values of several specimens of infected monkey cord taken at each time period and titrated in mice. The decline 
beyond the third day of paralysis is shown in a speculative way and is based on the decreasing probability of obtaining 
virus in concentrations infective by monkey passage. 


staining central area in the center of the 
cell body. This appearance of central 
chromatolysis is characteristic of the re- 
covery stages of nerve cells and has been 
shown by quantitative studies in monkeys 
to lead to complete morphologic recovery 
of most cells during the subacute stage 
of the disease. (Fig. 8.) The parallel changes 


a period of only a few days. Motor nerve 
fibers begin to degenerate about three days 
after destruction of the nerve cell body and 
show the typical morphologic changes as 
well as the time course of Wallerian de- 
generation. The resulting muscle atrophy 
follows the time course seen, for example, 
in Wallerian degeneration due to nerve 
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section, and in cases of severe paralysis is 
apparent within two weeks after onset of 
paralysis. 

OTHER SYMPTOMS AND SIGNS POSSIBLY OF 
BRAINSTEM OR SPINAL CORD ORIGIN 

Since lesions sometimes severe are found 
in the posterior and intermediate horns of 
the spinal cord as well as in the spinal 
ganglia, it is possible that spinal inter- 
nuncial discharge pathways and reflex 
pathways may be injured sufficiently to 
contribute to motor dysfunction. Recovery 
of such mechanisms probably follows a 
course similar to that in the brainstem 
centers since the two are intimately connected 
by ascending and descending pathways. 

Symptoms in addition to paralysis which 
are often recorded are muscle pain, hyper- 
esthesia and stiff neck and back. Occasion- 
ally paresthesias occur. Our material can 
offer no more than a confirmation of 
earlier findings of mild exudate in meninges 
and lesions of varying degrees of severity in 
spinal ganglia, posterior columns of the 
spinal cord and thalamus to account con- 
ceivably for these symptoms. In view of the 
rather slight involvement of these areas in 
many cases interpretations must be tenta- 
tive. The common symptoms of neck and 
back stiffness are usually interpreted as 
being due to “meningeal irritation” but it 
is possible that they are the result of the 
same brainstem disturbances which give 
rise to other phenomena of spasticity in 
poliomyelitis. This is suggested by the fre- 
quently occurring pattern of hypertonia in 
postural muscles in human poliomyelitis. 
The frequent association of muscle pain 
with paralysis in the same limb suggests 
that this pain is the result of lesions in the 
posterior columns of the spinal cord or 
perhaps in the spinal ganglia. Lesions are 
found in these regions especially in seg- 
ments in which severe involvement of the 
anterior motor columns of the spinal cord 
tas occurred. The occasional association 
°f pain and paralysis m the same limb does 
not .therefore require a postulate of periph- 
eral origin of pain in paralyzed muscles, 
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especially since many paralyzed muscles 
never exhibit either pain or tenderness. 

Since lesions in the cerebral cortex are 
largely confined to the precentral gyrus 
and since lesions in the sympathetic ganglia 
were not present in the human cases we 
have studied, symptoms referable to the 
autonomic system are very likely the result 
of central lesions in the brainstem or spinal 
cord, or both. In some cases lesions in the 
hypothalamus may be severe (Fig. 5, part 2) 
and in other cases negligible in amount. 
Similarly, one occasionally finds severe 
destruction of cells in the sympathetic 
motor columns of the spinal cord although 
this is uncommon and always restricted in 
extent. In contrast, lesions in the central 
gray of the mid-brain and hind-brain and 
in the mid-brain tegmentum and reticular 
formation are very common and often 
severe. It is conceivable that such lesions 
are responsible for vasomotor changes and 
other dysfunctions of the autonomic system 
occasionally reported in poliomyelitis. It is 
probable that symptoms of autonomic dys- 
function would be more often observed if 
they were not overshadowed by the more 
serious symptoms of paralysis of skeletal 
muscles. 

FACTORS IN THE RECOVERY OF MOTOR 
FUNCTION 

Although any discussion of recovery 
factors must necessarily be speculative in 
part at this time, even a speculative analysis 
from the point of view of histopathology 
may be helpful in identifying the parts of 
the neuromotor apparatus which must be 
considered. As already stated, the cerebral 
cortex is so little affected by the disease 
process that there is every reason to suppose 
that the patient can rapidly begin to 
relearn patterns of motor activity which 
formerly were smoothly and subconsciously 
regulated by now severely damaged brain- 
stem mechanisms. 

Most of the brainstem centers concerned 
with motor functions are damaged in 
varying degree in poliomyelitis, yet an 
evaluation of recovery from this damage 
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must be phrased in very general terms until 
the precise contribution of each center in 
motor functions is better understood. It is 
difficult to believe that the brainstem dam- 
age does not affect motor performance even 
in some mild paralytic cases since such 
instances in experimental animals and 
one of our human poliomyelitis cases suc- 
cumbing after fifteen days as a result of 
acute appendicitis (H9) showed consider- 
able neuron destruction and infiltrative 
lesions in some brainstem centers, especially 
the vestibular nuclei and reticular forma- 
tion. Recovery from such lesions should 
result from at least two processes, the first 
recovery of neurons not damaged suffici- 
ently to be destroyed and, secondly, the 
re-routing of neuron-chain discharge path- 
ways from interrupted primary paths to 
secondary alternative paths. The first proc- 
ess is probably completed in about one 
month, as is the case in the spinal cord, 
whereas the second process probably is 
of longer duration since it is a part of the 
relearning process. 

In further assessing the pathologic factors 
which underlie the paralysis in poliomyelitis 
it is important to keep in mind evidence 
showing that reversible changes may occur 
in spinal motoneurons in the acute stage. 7 
This means that a probably important 
component of muscle weakness in the acute 
stage may be a partial and temporary loss 
of function of some motor units, as con- 
trasted with the more common occurrence 
of irreversible loss of function of a varying 
number of denervated muscle fibers due 
to motoneuron destruction. In fact, it seems 
reasonably certain from experimental data 
that the pathologic and recovery changes 
in motor nerve cells alone can account for 
much of the paralysis and its early re- 
covery, respectively. The other factors men- 
tioned probably play a secondary role 
although the possibility cannot be excluded 
that in special cases they may be more 
important. The slow but sometimes signifi- 
cant increase of power in paralyzed limbs 
after the third month has not been studied 
in detail by us because of the small numbers 


of cases available. Since the morphologic 
and probably functional status of the 
nervous system does not change significantly 
after the first and second months, such 
recovery as occurs after this time is proba- 
bly the result of slower compensatory 
hypertrophy of muscle fibers with intact 
innervation. In our human material the 
entire spinal cord was available in one case 
surviving longer than two weeks (H40). 
In this case in which destruction of anterior 
horn cells was extensive throughout all 
levels, over 90 per cent of the surviving 
motoneurons were normal in appearance 
and most of the others were only moder- 
ately chromatolytic. 

SUMMARY 

1. Experimental evidence indicates that 
the onset of CNS pathologic changes occurs 
in , the preparalytic period and is closely 
associated with the earliest evidence of 
virus activity in any particular region 
involved. 

2. The earliest cytopathologic changes 
are diffuse chromatolysis of Nissl substance 
in the cytoplasm of nerve cells and mild 
cellular exudate consisting of polymorpho- 
nuclear and mononuclear leukocytes. 

3. Nerve cell changes may be present in 
the earliest stages without inflammatory 
reaction in the vicinity and therefore arc 
not necessarily the result of the latter, but 
rather the result of direct virus action. 

4. Nerve cell changes either lead to rapid 
destruction of the cell or to arrest in the 
stage of cytoplasmic chromatolysis, follow- 
ing which complete morphologic recovery 
of the cell generally occurs over a period 
of about a month or less, depending upon 
the severity of injury. 

5. Virus activity, nerve cell changes and 
inflammatory reaction arc localized only 
in certain susceptible regions of the CNS, 
largely due to specific differences of sus- 
ceptibility of nerve cells. The intensity of 
the inflammatory reaction, however, may 
be quite variable in different susceptible 
centers and in different individuals. Severe 
inflammatory reaction is usually but not 
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always associated with extensive nerve cell 
destruction. Severe nerve cell damage may 
occur without extensive cellular infiltration 
in the cord. 

6. Lesions in the cerebral cortex are 
usually confined to the motor area of the 
precentral gyrus and even here the lesions 
are rarely severe enough to suggest that 
they may produce clinical symptoms. 

7. “Encephalitic” symptoms such as rest- 
lessness, stupor, disorientation and coma 
arc associated with severe inflammatory 
reaction in the brainstem and often with 
small softenings in this region. They are not 
associated with unusual involvement of the 
cerebral cortex. 

8. Brainstem centers principally involved 
in most instances are the reticular formation 
of the hind-brain, the vestibular nuclei and 
the roof nuclei of the cerebellum. Resulting 
functional disturbances are discussed. 

9. Widespread dissemination of virus 
among most motor nerve cells in spinal 
cord enlargements occurs in experimental 
poliomyelitis as early as the first day of 
paralysis. Motor nerve cells which are 
affected either are destroyed very quickly 
during the first few days of the disease or 
undergo slower recovery changes leading 
to complete morphologic recovery within 
about a month. After this time it can be 
shown that the degree of paralysis and 
atrophy are closely correlated with the 
number of motor nerve cells destroyed. In 
the acute stage, however, this correlation 
is not as high and other factors must also 
play a role in producing paralysis. An 
important factor is the reversible injury of 


motor nerve cells. Less complete evidence 
from human material suggests that a similar 
situation obtains in human poliomyelitis. 

10. Experimental work suggests three 
possible factors which may determine the 
variation in severity of infection. These are, 
fit st, variations due to difference in strains 
of the virus, second, reduction of severity 
due to previous paralytic or non-paralytic 
infection, and third, host variation unre- 
atcd to previous immunizing experience 
with the virus. 


The material upon which this article is based 
is described more fully in references 1 to 7, 14 
and 18. The original illustrations of Figures 1, 
2, 8 and 9 appeared in Bull. Johns Hopkins 
Hasp ., 68: 58, 1941 and those of Figures 3 to 7 in 
Poliomyelitis. Papers presented at the First 
International Poliomyelitis Conference. Phil- 
adelphia, 1949. J. B. Lippincott Co. 
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I n attempting to review the pathophysi- 
ology of an infectious disease which 
has an especial affinity for the central 
motor nervous system it is reasonable to 
limit the discussion to an analysis of the 
resulting neuromuscular disorders. 

Such an analysis must, unfortunately, be 
limited since it demands a thorough knowl- 
edge of the normal physiology of motor 
function, a knowledge which is in many 
respects far from complete. In addition, 
utilization of material derived from clinical 
and pathologic research is often difficult 
due to the impossibility of controlling the 
conditions to a degree in any way com- 
parable with a physiologic experiment, 
and only rarely can the complicated path- 
ologic changes in the physiology be studied 
by direct experiment. Consequently, dis- 
cussion becomes of necessity speculative and 
theories have to be modified repeatedly as 
further evidence accumulates. 

In poliomyelitis, as in a number of other 
diseases, it has been of the utmost impor- 
tance for the systematic study of its patho- 
genesis that analogous conditions be re- 
produced experimentally in animals and 
that manifestations of the disease be studied 
under controlled experimental conditions . 40 
The histologic changes in poliomyelitis are 
closely similar in primates and man, both 
with regard to type and distribution of the 
lesions although we must remember that 
the development and manifestations of the 
disease in its initial stages may vary with 
different portals of entry of the virus. 

Discussion of the pathophysiologic features 
°f poliomyelitis must be based primarily on 


the histologic lesions which occur in the 
different stages of the disease although the 
lesions, both in human and experimental 
poliomyelitis, show a confusing lack of 
parallelism with the clinical manifestations 
in regard to both localization and severity. 
Clinically, poliomyelitis is primarily a 
lower motor neuron disease with segmental 
distribution, yet all observers agree that the 
histologic lesions are never confined to the 
spinal cord but are found in a number of 
other parts of the central nervous system, 
including the precentral areas of the cere- 
bral cortex. The central motor disturbances 
are few compared with the rather severe 
damage found in the motor cortex and in 
the subcortical centers coordinating motor 
activity; this is another clear indication of. 
the well known potentiality of different 
parts of the central nervous system for sub- 
stitutional activity. Similarly, although se- 
vere damage is frequently found in different 
parts of the medulla oblongata, the occur- 
rence of central respiratory paralysis is, 
fortunately, rare. On the other hand, the 
disturbances in emotional behavior which 
may occur even in non-paralytic cases might 
be explained by involvement of the hypo- 
thalamic centers . 61 

In contrast with the older concept of the 
disease as primarily an interstitial injury 
the study of experimental poliomyelitis in 
monkeys has shown beyond doubt that it 
is the nerve cells which are primarily 
affected. The virus spreads by way of the 
axon 23 and it is the large anterior horn 
cells, especially those in the cervical and 
lumbar enlargements, which are partic- 
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ularly susceptible. The inflammatory reac- 
tion is secondary. Bodian and Howe 7 have 
produced convincing evidence that the 
presence of living nerve cells is necessary 
for production of the inflammatory phe- 
nomena. When the nerve cells of a center 
are allowed to degenerate before inoculation 
with the virus, no inflammatory reaction is 
produced there although the opposite side, 
without previous degeneration, shows both 
nerve cell degeneration and a typical 
inflammatory response. 

Any sign or symptom from the central 
nervous system might be explained by a 
diffuse inflammatory reaction, but it seems 
worth while to attempt a correlation be- 
tween direct nerve cell injury and the 
pathophysiologic signs before taking into 
consideration an accessory influence of 
edema or other secondary factors . 57 Since 
in many cases a good deal of muscular 
function is regained in previously paretic 
muscles in the course of the first months 
of the disease , 37 such a correlation will 
require the assumption of a possible re- 
versibility of the changes in certain virus- 
infected parts of the central nervous system. 
The recovery could, of course, be easily 
explained- by the disappearance of the 
interstitial mesodermal reaction with its 
mechanical effects, and it will be difficult 
to exclude this reaction as a causative 
agent, but it must be borne in mind that 
the initial manifestations of the disease 
usually correspond with specific localiza- 
tions in the anterior horns. Thus, although 
nerve cell necrosis and inflammatory infil- 
tration have occasionally been found in 
the dorsal root ganglia, impairment of 
sensibility is exceptionable. The absence of 
sensory changes may, of course, be due to 
the difficulty in detecting small changes in 
sensibility by ordinary clinical means and, 
in fact, studies of the vibratory sensation 
have in some cases 28 but not regularly* 

* Dr. M. Ivcrsen has recently examined vibratory 
sensation in four paralytic cases of poliomyelitis, two 
during the acute and two during a later stage, without 
finding significant deviations from normal values for 
threshold and adaptation. 


revealed a lowered threshold indicating a 
hyperesthetic type of response. The degree 
of inflammatory reaction as reflected in the 
spinal fluid has no direct correlation with 
the progression and reversibility of pareses; 
furthermore, in poliomyelitis, even in the 
preparalytic stage, synchronized activity of 
different motor units of the same muscle 
has been observed while in cases of meningo- 
myelitis with evidence of a diffuse inflam- 
matory response this abnormal type of 
innervation has never been observed except 
when definite pareses also indicated the 
presence of anterior horn cell lesions . 18 In 
my own opinion these observations favor 
the assumption of a reversible lesion in 
certain nerve cells. Alternatively, recovery 
might be interpreted in terms of a sub- 
stitution of damaged primary internuncial 
pathways by secondary “delay paths” in 
the internuncial pool. A comparison of the 
electrical activity of the spinal cord under 
the influence of edema and anoxia with 
that in experimental poliomyelitis might 
make further differentiation possible. A 
detailed cytologic analysis by means of more 
quantitative histochemical methods might 
also yield useful information with respect to 
the concepts of reversibility and substitu- 
tion. An investigation along these lines 
might even throw light on the important 
finding that both cooling in water for thirty 
minutes and exhausting muscular effort 
during the incubation period of experi- 
mental poliomyelitis result in a statistically 
significant higher incidence of paresis and 
a more severe degree of motor impairment 
than is found in controls .' 11 

The distribution of muscular involvement 
has given rise to various speculations. In 
most epidemics the muscles of the lower 
limb arc affected with twice the frequency 
of those of the upper limb. In the former 
the quadriceps, anterior tibial and peroneal 
muscles are .mainly affected while in the 
latter the deltoid, triceps and biceps arc 
affected more frequently than the muscles 
of the forearm and hand. Recently Hodcs 31 
made an interesting attempt to explain this 
distribution. It is well established that there 
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is a close relation between velocity of con- 
duction along a nerve fiber and its diame- 
ter. He has measured the conduction 
velocities in nerves to different muscles in 
both normal and poliomyelitic subjects and 
has found that the maximal rates of con- 
duction in nerves to paretic muscles are 
reduced, a finding which is attributed to 
selective destruction of the motor neurons 
with fibers of large diameter, the neurons 
with fibers of small diameter having rela- 
tively less affinity for virus. This agrees with 
the fact that the proximal muscles are more 
commonly affected than the distal muscles. 
The largest motor fibers which innervate 
some of the muscles of the forearm are of 
greater diameter than the largest fibers 
innervating the small muscles of the hand. 
In addition, in earlier experiments it had 
been shown 55 that large, heavily myelinated 
fibers more commonly degenerate than 
the thinly myelinated or unmyelinated. 
Further studies of this type might also 
provide an explanation of the difference 
in susceptibility of neurons innervating the 
different proximal muscles of the lower 
limb. 

Recovery after paresis depends both on 
its severity and on which muscle is affected; 
the patient’s age has not been found to 
have a significant influence on the degree 
of recovery. 61 Clinical estimation of the 
recovery often meets with difficulties due 
to the scarcely detectable but increasing 
participation of synergists. Electromyo- 
graphic examination has shown that re- 
covery in an individual muscle may con- 
tinue lor at least six months. Synchronous 
activity of different motor units in a muscle, 
outlasting the third week of the disease, 
was found to have a less favorable progno- 
sis for the muscle than continuous asyn- 
chronous activity in equally paretic mus- 
cles. With regard to the recovery of activity 
in different muscles, the prognosis is con- 
sidered to be best in the flexor muscles of 
the fingers, knee and elbow while anti- 
gravity muscles and the small muscles of 
the thumb and foot are claimed to have a 
ower recovery rate. 61 In searching for an 
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explanation of this difference in the be- 
havior of different muscle groups, differ- 
ences in the vascularization of different 
parts of the anterior horns would appear to 
offer a likely solution. According to Bok, 9 
the cord representation of extensor and 
abductor muscles in various animals in- 
cluding primates is mainly found along 
the edges of the anterior horns while the 
cells supplying flexor and adductor muscles 
are situated centrally. Temporary anoxia 
of the lower part of the spinal cord results 
in cell destruction in the central region of 
the anterior horns, accompanied by flaccid 
paresis in the flexor and adductor muscles 
while the antigravity muscles display a 
considerable degree of spasticity. 38 Since 
(at least in rabbits) the arteries split up into 
capillaries mainly at the peripheral parts 
of the anterior horn, the periphery, repre- 
senting the extensor muscles, can appropri- 
ate more of the available oxygen than the 
central cells. These observations make it 
difficult to account for the better recovery 
of flexor muscles on the basis of circula- 
tory differences at the site of their cord 
representation. * 

Paresis of the urinary bladder, with re- 
tention and overflow, and of parts of the 
gastrointestinal tract belong to the reversi- 
ble affections in poliomyelitis. Opinions 
differ widely about the pathophysiology. 
Fanconi 24 considers it an infrequent second- 
ary complication (in 2 per cent of 375 para- 
lytic patients) and interprets it to be due 
to weakness of the abdominal muscles. 
Other observers have found urinary bladder 
paresis in 20 to 65 per cent of paralytic 
patients; it may occur before the somatic 
muscles in the extremities are affected. 
While in the bulbar form of the disease 
cerebral factors are probably involved in 
the pathogenesis of urinary bladder paresis, 
it seems otherwise most likely that the 
paresis of the urinary bladder, and of the 
descending colon (causing constipation), 

* A discussion of peripheral regenerative phenomena, 
such as compensatory hypertrophy and outgrowth of 
axon branches which arc important factors in recovery, 
would be beyond the scope of this paper. 
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are due to involvement of their parasympa- 
thetic innervation. The bladder and de- 
scending colon belong to the few viscera 
having an intramedullary representation 
of their parasympathetic control derived 
from small multipolar nerve cells scattered 
around the base of the ventral horn in the 
sacral region of the spinal cord. Normally 
the bladder and the descending colon con- 
tract in response to impulses from these 
cells. The high rate of recovery of these 
functions may be due either to a temporary 
lesion of these cells or to an independent 
automatic activity regulated from periph- 
eral ganglia. The last would be an indi- 
cation of the large margin of safety which 
assures the function of autonomic organs. 

Stiffness of the muscles of the neck and 
spine are considered to be signs of a menin- 
geal reaction; they appear early, in the 
preparalytic stage of the disease. The in- 
flammatory response of the meninges is not 
very pronounced and its manifestations in 
the spinal fluid are less marked than in 
bacterial meningitis. This makes it difficult 
to interpret the meningeal signs in terms 
of an inflammatory root involvement. 
There are other differences between the 
“meningeal” reaction in poliomyelitis and 
in true meningitis. McDonald 52,67 found 
stiffness of the spine in 80 per cent and 
stiffness of the neck in 65 per cent of 128 
patients with poliomyelitis. In true menin- 
gitis stiffness of the neck is usually accom- 
panied by a slight contraction of the ham- 
string muscles (Kernig’s sign), indicating 
a generalized increase in flexion reflex 
activity. Although anatomically this is an 
extensor movement, Fulton 29 therefore con- 
siders it a part of a flexion reflex to noci- 
ceptive stimulation. 

In the meningeal phase of poliomyelitis, 
in contrast with true meningitis, stiffness 
of the neck is by no means regularly associ- 
ated with other signs of flexor reflex 
activity. It was found to be absent in 70 per 
cent of McDonald’s 128 patients. Further, 
rigidity of the neck and spine muscles is 
unlike that seen in meningitis; it can be 
overcome by slight resistance 62 and it. is 


striking that the spastic contractions dimin- 
ish or disappear with the patient in a prone 
position, a phenomenon which can be pro- 
duced neither in meningitis nor in the 
meningism caused by other noxious stimuli 
such as subarachnoid hemorrhage. 19 Proba- 
bly this relaxation follows from the inhibi- 
tion of an exaggerated extensor reflex by 
slight extension of the flexor muscles of the 
neck and can be explained in terms of 
reciprocal innervation. 47 The stiffness of the 
muscles of the neck and spine could thus 
be due to the impairment of central in- 
hibitory mechanisms by early lesions in 
subcortical centers. The release of both 
flexor and extensor reflexes is accompanied 
by repetitive discharges which reach the 
anterior horn cells. In the case of certain 
extensor reflexes the “after-discharge” may 
last for several seconds and is due to con- 
tinuous discharges in internuncial circuits 
spread over several segments of the cord. 26, 
43.44 Inhibitory impulses from vestibular 
centers and the reticular formation of the 
medulla oblongata 50,51 normally regulate 
the internuncial activity. Early lesions in 
these centers could be responsible for ex- 
aggerated after-discharges in postural con- 
tractions from the muscles of the neck and 
spine. 

In experimental poliomyelitis spasticity 
can be present at an early stage at which 
neither virus nor histologic lesions are 
detectable in corresponding parts of the 
spinal cord while pathologic changes in the 
brain, especially in the reticular formation, 
are fully developed. 6 

The occurrence of “spasm” in paralytic 
and non-paralytic muscles has been the 
subject of intensive discussions and con- 
troversies. It is well known that in early 
poliomyelitis, both hyperactivity of the 
stretch reflexes and clonus occur but are 
soon followed by their diminution or disap- 
pearance. The occurrence of muscle spasms 
in both paretic and unaffected muscles of 
the limbs during and after the acute phase 
of the disease is thought to contribute con- 
siderably to disability. 59,60 The conception 
of spasm, in poliomyelitis has not always 
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been clearly defined, but most investigators 
consider it to be the result of increased 
myotatic reflex activity. This increase which, 
as already mentioned, does not exhibit 
itself by high, deep reflexes, is thus of an 
entirely different type from that which 
characterizes, for example, the response of 
the muscles of a spastic spinal paresis to 
slight passive movements. Recordings of 
action potentials have shown that passive 
stretch is associated with discharges of 
longer duration than in the normal. 11 
However, this effect — interesting enough 
when present — is very variable from epi- 
demic to epidemic and sometimes many 
large groups in an epidemic are free from 
spasm even when tested with action cur- 
rents. This agrees with our observations in 
forty-seven patients in 1942 18 and more 
recently in twenty-seven patients during 
the 1947 epidemic. 19 In these cases there 
was neither activity at rest nor did passive 
movements show reactions in any way 
deviating from those of normal muscle. 
Thus there is a definite difference from 
the true spastic activity which almost 
regularly occurs in the muscles of the neck 
and the spine. However, the sustained 
activity observed by several investigators 
is a very interesting phenomenon, pro- 
vided it occurs with passive movements too 
small to pass the threshold of pain which 
may be rather low in these muscles. 

The pathophysiologic explanation of this 
spastic activity is still open to discussion. It 
has been explained 11 by assuming a re- 
placement of the single neuron reflex arc, 
normally responsible for myotatic activity, 
by multineuron arcs, possibly associated 
with the disappearance of inhibitory im- 
pulses. In this connection it is interesting 
to recall that the histologic changes are 
never confined to the anterior horn cells 
alone but are seen also in the internuncial 
cell groups at the same levels. Kabat and 
Knapp’s 35 suggestion, that lesions of the 
mtcrnuncial cells in regions of the cord where 
t ic anterior horn cells proper are hardly 
a cctcd might explain spastic reactions, 
ias been refuted by other investigators. 6,22 
“*v, 1949 


Muscle pain is felt especially when the 
muscle is contracted. It occurs early in the 
disease, mainly in the muscles of the lower 
limb and often in those muscle groups 
which later become paretic. Apparently 
it is of purely peripheral origin and there 
is no evidence of root involvement. Al- 
though it may be compared with sensations 
after vigorous exercise, it is hardly caused 
by latent “spastic” activity. It is not re- 
lieved by curarine. 27,54 The origin of pain 
and tenderness in poliomyelitis is still 
obscure as it is in a number of other infecti- 
ous diseases (e.g., influenza) and in the 
majority of cases of local palpable muscle 
affections. Only in less than 20 per cent* of 
forty-six patients suffering from these affec- 
tions did resting muscles show a constant 
activity which did not disappear with ade- 
quate relaxation, diverting the attention 
or a change of position. 14 However, in the 
majority of painful affections the electro- 
myogram does not differ from that of 
normal muscle. It is possible that the 
changes in the capillary blood circulation, 
which Knisely 36 has observed in experi- 
mental poliomyelitis and in a number of 
other pathologic conditions, give rise to 
foci of anoxia in muscle and that the ab- 
normal metabolites produced in these foci 
stimulate the pain endings which are 
especially numerous near the blood vessels 
and the tendinous insertions of a muscle; 
the latter position is in agreement with the 
localization of muscle pain to the insertions. 
Other factors causing stimulation of the 
pain endings cannot, however, be excluded 
and a more extensive use of muscle biopsy 
may yield information on this problem. 

Ordinary methods of electromyographic 
examination have also proved useful in the 
assessment of paresis and of the stage of 
denervation in poliomyelitis when applied 
to studies of voluntary and electrically 
induced activity. 2,15,32,58 They make it pos- 
sible to determine whether the paralysis is 
complete or not and provide a delicate 
means of assessing the condition of the 

* This figure refers to chronic, therapy-resistant 
patients with intermuscular fibrositis. 
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Fig. 1 . Action potentials and mechanical response of paretic biceps muscle (previous poliomyeli- 
tis). 11 a, lead 1: concentric needle electrode, frequency 17.3/second. Lead n: two needle electrodes 
15 mm. apart at a distance of 2 cm. from lead 1 , frequency 17.3/second. Lead in: concentric needle 
electrode at a distance of 2 cm. from lead it, frequency 17.3/second, b, as A, frequency in all three leads 
18.6/sec. Distance between time marks 10 milliseconds. 


motor nerve and corresponding nerve cells. 
They can give an expression of the number 
of active nerve cells and detect minor 
degrees of lower motor neuron damage. 

When the number of active motor units 
is reduced, as is the case in poliomyelitis 
and in partial lesions of the peripheral 
nerves, individual spike potentials can be 
recorded during maximal effort without 
interference from the activity of neighbor- 
ing fibers. In genuine muscular atrophy 
maximum contraction is generally accom- 
panied by the interfering electrical activity 
of many motor units since even slight con- 
tractions demand a wider spread of in- 
nervation than in normal muscle; it is 
therefore more difficult to record single 
discharges in these cases than in normal 
muscles or in muscles with neurogenic 
paresis. 


In slight paresis the electromyogram may 
show a transitory state in which, although 
such interfering activity is found, the 
activity of the neighboring units is so 
reduced that the fiber situated nearest to 
the electrode dominates the curve . 15 Iso- 
lated action potentials, together with the 
presence of “silent areas,” are found m 
severe paresis and correspond to the his- 
tologic picture of the loss of numerous 
motor units where only scattered islands of 
normal tissue are seen on a background 
of degenerated muscle tissue. In mild 
atrophy large and small patches of de- 
generated tissue occur in the midst of 
normal tissue and correspond to a lesser 
decrease in the number of active motor 
nerve cells and of muscle fibers controlled 
by them. The histologic picture of sharply 
demarcated patches of atrophy is typical 
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of these lesions in contrast to the more 
diffuse distribution of changes in purely 
myogenic atrophy. By electromyography 
it is also possible to distinguish between 
degenerative lesions of the lower motor 
neuron and affections in which there is 
temporary impairment of conduction in the 
axon. In denervation, fibrillation gives rise 
to a characteristic action potential of ex- 
tremely short duration (one to two milli- 
seconds). 05 It is presumably this type of 
potential which has been recorded several 
weeks after the initial stage in poliomyelitis 
as in other forms of denervation. 58,03 The 
reappearance of motor unit potentials of 
normal duration (five to ten milliseconds) 
can be considered an early sign of recovery. 
The origin of the fibrillation is still ob- 
scure; it is scarcely affected by curarine 
and cannot be explained by assuming 
increased formation or delayed destruction 
of acetylcholine. 53 

By leading off simultaneously from dif- 
ferent regions of the same muscle, i.e., from 
different motor units the atrophy can be 
further differentiated since synchronous 
activity has been observed when the an- 
terior horn cells are affected. This syn- 
chronization occurs during both weak and 
strong contractions. (Fig. 1.) 15,16 In non- 
fatigued normal muscle and in muscle with 
neurogenic atrophy caused by diseases of 
the nerve roots or of the peripheral nerves, 
synchronous activity may occur as a transi- 
ent phenomenon but it did not continue 
after the appearance of variation in fre- 
quency with variations in contraction in- 
tensity. In amyotrophic lateral sclerosis and 
spinal muscular atrophy it has been found 
m muscles before they showed any'' other signs 
of involvement. In poliomyelitis, as already 
mentioned, it can appear as early as one 
day r before the onset of paresis. (Fig. 2.) 
hhis points to a connection with partial 
damage to some nerve cells. Neither a com- 
pensatory mechanism to mobilize simul- 
taneously the largest possible number of 
remaining motor units in a given muscle, 
noi a manifestation of disturbances in 
recipiocal innervation characterized by 
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Fig. 2. Synchronous activity in a paretic vastus medialis 
in the initial phase of poliomyelitis. 17 Three concentric 
needle electrodes inserted to different depths 2 cm. 
apart. Distance between time marks 10 milliseconds. 



simultaneous activity in agonists and an- 
tagonists of the same movement seems a 
likely explanation. On the other hand, 
synchronous single impulses also may rarely 
occur in two different muscles, although 
only in the most severely paretic stage and 
in contrast with the disturbances of recipro- 
cal innervation to be mentioned this effect 
is irreversible. 64 It appears to the author 
that the same interpretation would apply 
here as he suggested to follow for the occur- 
rence of synchronization in the same muscle. 
When testing for synchronization of poten- 
tials in the same muscle, technical artefacts 
have to be eliminated,* but a discussion of 
these problems would go beyond the scope 
of this paper. In extreme degrees of neuro- 
genic atrophy, of whatever origin, there 
is an increased chance of picking up poten- 
tials from the same motor unit with different 
electrodes; this possibility must always be 
excluded when “true” symehronization of 
different motor units is used for differential 
diagnosis. However, when cautiously evalu- 
ated, its occurrence is a useful aid to 
diagnosis. For instance, in seven patients 
with polyradiculitis, some of them ex- 
amined in the acute stage, no symehronous 
activity could be found despite severe 

* This can be achieved by procedures which are 
familiar from similar electrophysioiogic problems, i.e., 
mainly by using differential amplification and by leading 
off with symmetrical electrodes using a platinum can- 
nula with two thin isolated platinum wires at a very' 
short distance. Obviously a more primitive technic" 
demands special precautions and experience in avoiding 
artefacts. 
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Fig. 3. Increasing fatigue in tibialis anterior with 
neurogenic atrophy of peripheral origin. The lower 
record is a direct continuation of the upper. Con- 
centric needle electrode. 

paralysis and reduction in the number of 
motor units. 

The cause of synchronization must still 
be discussed on a somewhat hypothetical 
basis. It has been observed in decerebrate 
cats during myotatic activity. 5 However, in 
cases of anterior horn cell damage there 
did not seem to be any positive correlation 
between the occurrence of synchronization 
and the presence of exaggerated stretch 
reflex activity; on the contrary, in most 
cases there was evidence of diminished 
myotatic response. In the physiology of the 
nervous system synchronization of excita- 
tion processes has been considered to be 
due to the interaction of neighboring cells 
discharging rhythmically. 1,12 ' 25,56 Partial in- 
jury of a nerve cell could facilitate an 
irradiation of impulses without otherwise 
disturbing its function and this assumption 
agrees with the observation that in a muscle 
with synchronized activity, as in polio- 
myelitis, the start of volitional contraction 
is frequently accompanied by muscle action 
potentials of relatively high frequency. 
Both normal and neurogenically atrophic 
muscle without synchronous innervation 
can begin a contraction with relatively low 
frequency. The high initial frequency in a 
muscle showing synchronization could be 
caused by mutual spreading of excitation 
(spatial summation) reaching the nerve 
cells with a minor and decreasing phase 
difference. Another explanation would be a 
retained activity of nerve cells with high 
synaptic concentrations and common inter- 
nuncial pathways, and this would be com- 
patible with the observation that mainly 
the spike potentials of higher amplitude are 
found to synchronize. 

Attempts recently have been made in this 


laboratory to obtain a quantitative expres- 
sion of synchronization of different motor 
units using electronic counting devices 
which directly give the percentage coin- 
cidence of impulses from different regions 
of the same muscle. 20 These investigations, 
although still at a preliminary stage, have 
given promising results. In normal muscle 
at a given frequency range the degree of 
coincidence is only slightly greater than 
that which can be expected statistically 
(3 to 4 per cent). During fatigue coincidence 
increases considerably (20 to 35 per cent) 
but it never reaches the level which is 
found in nearly all cases of affections of the 
anterior horn cells (80 to 90 per cent). 

Simultaneous discharges to both agonist 
and antagonist is a most important dis- 
turbance of normal reciprocal innervation 
which has been observed in poliomyelitis. 10, 
n.63,64 belongs to an abnormality which 
can be overcome by re-education and may 
be compared with the initial behavior of a 
flexor muscle (e.g., biceps femoris) after 
transposition to the extensor side. 00 In the 
first stage the transplant still receives im- 
pulses in the flexor phase of a movement. 
However, after only a few trials, in which 
visualization of the task seems to be more 
important than actual visual control and 
proprioceptive hints, it can also contract 
in an extensor phase. For some time it 
contracts in both phases and there is no 
evidence of automatic recovery of normal 
reciprocal innervation; then, after a certain 
period of practice the transplanted flexor 
is inactive during contractions of the other 
flexors. However, even years after trans- 
plantation, relapses to its native function 
may occur and are considered to be evi- 
dence that re-education does not replace 
the elementary motor mechanisms for 
flexor activity but rather that the sub- 
stituted action develops at higher co- 
ordinating levels and can effectively outdo 
but not abolish natural coordination. 

A similar mechanism could explain the 
re-coordination of certain movements m 
poliomyelitis when part of a synergy re- 
mains permanently paralyzed. At present, 
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Fig. 4. Paresis after previous poliomyelitis, 17 three concentric needle electrodes in vastus medialis. a, fatigue with 


gradual decrease in the amplitude of action potentials; b, 

however, it is difficult to decide at what 
level of the cord to look for the primary 
disturbances of reciprocal innervation. Evi- 
dence has recently been brought forward 
that internuncial activity is not necessarily 
involved in the inhibition of the antagonist 
which characterizes reciprocal innerva- 
tion. 45,46 Interference from the internuncial 
pool with monosynaptic motor activity 
might possibly account for disturbances in 
reciprocal innervation. In animal experi- 
ments a definite correlation has been 
demonstrated between the different phases 
of the slow cord potentials and the periodi- 
cally alternating discharges in flexor and 
extensor muscles. The direction of these 
potentials is at the same time associated 
with facilitation (root positivity) or inhibi- 
tion (root negativity) of flexor reflex ac- 
tivity. 4 Phenomena of periodic facilitation 
and inhibition might result from these slow 
cord potentials and knowledge about their 
behavior in the poliomyelitic animal might 
contribute toward elucidation of the me- 
chanism responsible for the disturbances in 
reciprocal innervation. 

So far the evidence of a peripheral ele- 
ment in the impairment of motor function 
has not been discussed. However, unques- 
tionable signs of peripheral motor altera- 
tions, apart from atrophy, do exist. Fatigue 
m both normal and paretic muscle, inde- 
pendent of the cause of the paresis, mani- 
csts itself as a reduction in the number of 
"ay, 1949 


after about 1 minute rest. 

action potentials and not as a significant 
decrease in the amplitude of the individual 
spike. (Fig. 3.) This applies to poliomyelitis 
in the first four to six weeks, but in its 
later stages an entirely different effect of 
fatigue is seen, i.e., the amplitude of the 



Fig. 5. Fatigue during maximal effort 3 action potentials 
led off from vastus medialis with concentric needle elec- 
trode (previous poliomyelitis), a, after 1 second, 
temperature 36.1 °c. b, after 19 seconds, temperature 
36.1 °c. c, after 34 seconds, temperature 36.6°c. 
Distance between time marks 20 milliseconds. 

individual spike decreases gradually with 
fatigue. (Fig. 4.) 18 These observations have 
been confirmed lately [by Hodes 33 ; the 
decrease in amplitude also occurs in the 
course of repetitive electrically-induced 
contractions. Prostigmine partially counter- 
acts the abnormal electrical response. The 
effect is comparable with the gradual de- 
crease in amplitude of action potentials in 
partial curar ization or in myasthenia gravis, 3 1 
and it therefore seems probable that it is 
connected with changes at the neuromuscu- 
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lar junction. According to Hodes 33 this 
effect should be due to the dropping out 
of some muscle fibers or whole motor units, 
i.e., a mechanism which also occurs in 
fatigue of normal muscle. When the leading 
off is done with surface electrodes, which 

ms 



Fig. 6. Duration of action potential (ms) as function of 
intramuscular temperature in normal (n) and pre- 
viously poliomyelitic (p) muscle. 

integrate over a large number of active 
units, it is difficult to decide whether this 
is the only reason. On the other hand, the 
individual diphasic action potential, as it is 
led off with a concentric needle electrode, 
shows the same gradual decrease in ampli- 
tude without any significant change in 
duration. (Fig. 5.) 13,18 Thus, an exception 
to the all-or-none rule which otherwise 
determines the amplitude of action poten- 
tials in normal muscle fibers is suggested. 

We have looked for further abnormalities 
in neuromuscular transmission. Compared 
with normal muscle, denervated muscle in 
most animals and in man has an increased 
sensitivity to intra-arterially applied ace- 
tylcholine. 17 Examinations of isolated mus- 
cle fibers reveal that even in denervated 
muscle this effect is due to a lowering of the 
threshold of a region in the fiber of high 
acetylcholine sensitivity which corresponds 
histologically with the nerve ending. 39 In 
poliomyelitis, even with a severe degree of 
paresis (i.e., denervation), neither the 
motor nor the vasomotor response to intra- 
arterial acetylcholine corresponds with those 


seen in denervation from other causes. Our 
preliminary results seem to indicate that 
the lowering of threshold is less marked 
than in, e.g., amyotrophic lateral sclerosis 
or peripheral denervation. 

So far we have not been able to apply 

V — — 'V — — V~ Va 


Aj V 



Fig. 7. Action potentials at decreasing intramuscular 
temperature in previously poliomyelitic muscle 3 led 
off with concentric needle electrode, a, 36.1°c.; b, 
33.7°c.; c, 26.3°c.; d, 20.6°c.; e, 18.7°c.; f, 17.7°c.; 
g, 17.7°c. Distance between time marks 20 milliseconds. 

these tests, except for the effect of fatigue, 
in the early stage of the disease; this applies 
also to comparisons of the duration, ampli- 
tude and shape of the individual spike 
potential with those found in normal muscle 
and in neurogenic atrophy of peripheral 
origin. However, the results obtained from 
observations in later stages of the disease 
may be worth mentioning in this connection. 

In normal muscle the first phase (spike) 
of the diphasic action potential was found 
to last 4.6 milliseconds.* In poliomyelitis 
as in other cases of neurogenic atrophy the 
duration is considerably increased and 
values of 11.5 to 12.5 milliseconds were 
measured for the spike duration. 15 This 

* Standard deviation 7.4 per cent, 245 measurements 
on sixteen different persons. 
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difference might be due to the 2 to 5°c. 
lower values of intramuscular temperature 
which are frequently present in poliomye- 
litis. But later investigations 3 have demon- 
strated that the temperature effect on the 
action potentials is identical in normal 
and poliomyelitic muscle (Fig. 6); in both, 
a decrease of 10°c. in the temperature 
range investigated results in an increase in 
the spike duration of 35 per cent, the 
action potential of poliomyelitic muscle 
having double the duration of that of 
normal muscle even when the two are 
compared at the same intramuscular tem- 
perature. In poliomyelitis the lower intra- 
muscular temperature will cause a lower 
propagation velocity of the wave of excita- 
tion over the fiber and this difference may 
account for the difficulties encountered in 
the activation of poliomyelitic muscles at a 
low temperature. (Fig. 7.) 

The amplitude of the action potential 
has a maximum at 25 to 30 °c. in both 
normal and poliomyelitic muscles and in 
both, anoxia, investigated at a constant 
intramuscular temperature, causes a de- 
crease in amplitude after 30 to 40 minutes. 
(Fig. 8.) In poliomyelitic muscle this de- 
crease in amplitude is also accompanied 
by a decrease in duration of approximately 
20 per cent. When fatigue is combined with 
cither anoxia or low temperature, the 
two effects on the action potential are 
superimposed. 

The abnormalities found in the electrical 
response thus clearly indicate that periph- 
eral structures are involved in the path- 
ologic physiology of the sequelae after 
poliomyelitis. Whether this involvement 
is the result of a direct action of the virus 
the neuromuscular junction or is due 
to a secondary reaction following degenera- 
tive processes of a specific nature in the 
central nervous system remains an. open 
question. For the time being the assump- 
tion of a secondary involvement appears 
more probable. An investigation of the 
effect of repetitive electrical stimulation in 
t re acute stage might help to answer this 
question. Abnormalities, which at this 
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stage of the disease are not yet apparent in 
voluntary contraction, might thereby be 
revealed. 

It is my impression that the study of the 
pathologic physiology of autonomic dis- 
turbances in both the early and later 



Fig. 8. Action potentials during anoxia 3 led off with 
concentric needle electrode, intramuscular tempera- 
ture kept constant at 38.3 to 38.5°c. (previous polio- 
myelitis). a, 0 minutes; b, 37 minutes; c, 40 minutes; 
d, 44 minutes; E, 44.5 minutes; f, after eight-min- 
ute restitution. Distance between time marks 20 
milliseconds. 

stages of poliomyelitis has been rather 
neglected. Urinary bladder paresis which 
occurs in the acute phase has been previ- 
ously discussed. In addition, abnormal 
reactions of skin temperature to indirect 
heating have also been described in severe 
cases in which bulbar involvement probably 
existed. 48 Normally, immersion of the lower 
extremities in water at a temperature of 
42 to 44°c. causes a rise in the skin tem- 
perature of previously cooled fingers of 
about 10°c. The rise is abrupt and occurs 
after a latent period of 1.5 to 21.5 minutes, 
the rate of the rise being 3 degrees/min- 
ute. 21-30 "' 2 Temperature changes in the 
skin are considered to be due to changes 
in the peripheral blood supply caused by 
changes in central vasomotor regulation, 
the tone of the vasomotor center reacting 
to small changes in blood temperature. In 
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a few cases of severe poliomyelitis the skin 
temperature of the fingers did not respond 
to indirect heating in the early phase of the 
disease but a normal response was observed 
later. Although it is not surprising to find 
disturbances in central vasomotor regula- 
tion in the early stage of poliomyelitis, 
these findings should be controlled by 
similar tests in patients with corresponding 
febrile signs and symptoms due to other 
causes before they can be accepted as con- 
clusive evidence • for a specific effect of 
poliomyelitis on autonomic activity. In 
the later stages of the disease and in slight 
cases without clinical signs of bulbar in- 
volvement no abnormal response in skin 
temperature could be recorded. Thus it 
remains an open question whether the 
signs of circulatory disturbances which are 
present, especially in the later stages of 
poliomyelitis, are secondary to the in- 
activity or are due to direct damage to the 
autonomic ganglia. The inactivity could 
also account for the low intramuscular 
temperature found in the paretic muscles. 
Although views with regard to the histologic 
evidence for damage to these ganglia are 
still somewhat conflicting, in monkeys the 
peripheral ganglia are definitely not specifi- 
cally affected . 8 In man, damage was found 
in certain ganglia but the sympathetic 
chain usually escaped . 22 In patients with 
cervical cases the sympathetic centers in 
the lateral horns were found to be only 
rarely involved . 67 These observations are 
in agreement with the assumption that it 
is principally neurons with fibers of large 
diameter which are susceptible to virus . 34,55 

REFERENCES 

1. Arvitanaki, A. Interactions electriques entre deu 

cellules nerveuses contriques. Arch, internal, de 
phvsiol., 52: 381, 1942. 

2. Bauwens, P. Electro-diagnosis and electrotherapy 

in peripheral nerve lesions. Proc. Roy. Soc. Med., 
34: 459, 1941. 

3. Bentsen, K. G. Single potentials from human 

muscles during fatigue, anoxia and temperature 
variations; Nord. med., 25: 697, 1945. 

4. Bernhard, C. G. and Therman, P. O. On the 

mechanism of reciprocal innervation. Acta physiol. 
Scandinav., 13: 162, 1947. 

5. Bernhard, C. G. and Therman, P. O. Rhythmical 


activity of motor units in myotatic reflexes. Acta 
physiol. Scandinav., 14: 47: 4, 1947. 

6. Bodian, D. Experimental evidence on the cerebral 

origin of muscle spasticity in acute poliomyelitis. 
Proc. Soc. Exper. Biol. & Med., 61: 170, 1946. 

7. Bodian, D. and Howe, H. A. Experimental studies 

on intraneural spread of poliomyelitis virus. 
Bull. Johns Hopkins Hasp., 68: 58, 1941. 

8. Bodian, D. and Howe, H. A. The significance of 

lesions in peripheral ganglia in chimpanzee and 
in human poliomyelitis. J. Exper. Med., 85: 231, 
1947. 

9. Bok, S. T. B. Das Ruckenmark. Handbuch dcr 

mikroskopischen Anatomie' des Menschen. Vol. 4, 
p. 478. Berlin, 1928. Julius Springer. 

10. Bouman, H. D. and Schwartz, R. P. Degree, extent 

and mechanism of muscle spasm in infantile 
paralysis. New York State J. Med., 44: 147, 1944. 

11. Bouman, H. D. Some physiological aspects of 

infantile paralysis. Physiotherapy Rev., 27: 221, 

1947. 

12. Bremer, F. L’activite 61ectrique “spontanec” de la 

moelle epiniere. Arch, internal, de physiol., 51: 211, 
1941. 

13. Brown, G. L. The action of acetylcholine on 

denervated mammalian and frog’s muscle. J. 
Physiol., 89: 438, 1937. 

14. Buchthal, F. and Clemmesen, Sv. On the dif- 

ferentiation of palpable muscle affections by 
electromyography. Acta med. Scandinav., 105: 48, 
1940. 

15. Buchthal, F. and Clemmesen, Sv. On the differ- 

entiation of muscle atrophy by electromyography. 
Acta psychiat. el neurol., 16: 143, 1941. 

16. Buchthal, F. and Clemmesen, Sv. The electro- 

myogram of atrophic muscles in cases of intra- 
medullar affections. Acta psychiat. et neurol., 18: 
377, 1943. 

17. Buchthal, F. and Engb/ek, L. On the neuro- 

muscular transmission in normal and myasthenic 
subjects. Acta psychiat. et neurol., 23: 1, 1948. 

18. Buchthal, F. and H0ncke, P. Electromyographical 

examination of patients suffering from polio- 
myelitis ant. ac. up to 6 months after the acute 
stage of the disease. Acta med. Scandinav., 116: 148, 
1944. 

19. Buchthal, F. and Lassen, H. C. Unpublished, 

1948. 

20. Buchthal, F. and Madsen, A. Unpublished 

experiments. 

21. Christiansen, Sv., Fog, M. and Vanggaard, T. 

The cerebral vasomotor regulation. A method for 
determination of the cerebral control of peripheral 
circulation in man. Acta psychiat. et neurol., 14. 
413, 1939. 

22. Faber, H. K. and Silverberg, R. J- A ncuro- 

pathological study of acute human poliomyelitis 
with special reference to the initial lesion an to 
various potential portals of entry. J. Exper. Med., 
83: 329, 1946. 

23. Fairbrother, R. W. and Hurst, E. W. Pa 1 10 ‘ 

genesis of, and propagation of virus in experi- 
mental poliomyelitis. J. Path. & Bad., 33. . 

1930. 

24. Fanconi, G. Die Poliomyelitis und ihre Grenzge- 

biete. Basel, 1944. 


AMERICAN JOUR 


NAL OF MEDICINE 



Physiology of Poliomyelitis — Buchthal 


25. Fessard, A. Hypothcse sur le mficanismc d’inter- 

vcntion du factcur tlectrique dans la synchronisa- 
tion intcrneuronique. Compt. rend. Soc. de biol., 
136: 268, 1942. 

26. Forbes, A. The interpretation of spinal reflexes in 

terms of present knowledge of nerve conduction. 
Physiol. Rev., 2: 361, 1922. 

27. Fox, M. J. Curare in the treatment of acute polio- 

myelitis. J. A. M. A., 131: 278, 1946. 

28. Frohring, W. O., Kohn, P. M., Bosma, J. F. and 

Toomey, J. A. Changes in the vibratory sense of 
patients with poliomyelitis as measured by the 
Pallesthesiomcter. Am. J. Dis. Child., 69: 89, 
1945. 

29. Fulton, J. F. Physiology of the Nervous System. 

London, 1943. Oxford University Press. 

30. Gibbon, J. H. and Landis, E. M. Vasodilation in the 

lower extremities in response to immersing the 
forearms in warm water. J. Clin. Investigation , 1 1 : 
1019, 1932. 

31. Harvey, A. M. and Masland, R. L. The electro- 

myogram in myasthenia gravis. Bull. Johns 
Hopkins Hasp., 69: 1, 1941. 

32. Harvey, A. M. and Kuffler, S. W. Motor nerve 

function with lesions of the peripheral nerves. 
Arch. Neurol. & Psychiat., 52: 317, 1944. 

33. Hodes, R. An electromyographic study of defects 

of neuromuscular transmission in poliomyelitis. 
Arch. Neurol. & Psychiat., 59: 436, 1948. 

34. Hodes, R. Personal communication, 1 948. 

35. Rabat, H. and Knapp, M. E. The mechanism of 

muscle spasm in poliomyelitis. J. Pediat., 24: 123, 
1944. 

36. Knisely, M. Personal communication. 

37. Kristensen, G. S. and Wulff, F. On the course of 

paralyses in poliomyelitis patients. Acta med. 
Scandinav., 127: 361, 1947. 

38. Krogh, E. Effect of acute anoxia on the large motor 

cells in the spinal cord. Acta physiol. Scandinav., 10: 
271, 1945. 

39. Kuffler, S. W. Specific excitability of the endplate 

region in normal and denervated muscle. J. 
Neurophysiol., 6: 99, 1943. 

40. Landsteiner, K. and Popper, E. Mikroskopische 

Praparate von einem menschlichen und zwei 
Affcnruckenmarken. Wien. klin. Wchnschr., 21: 
1830, 1908. 

41. Lewinsen, S. O., Milzer, and Lewin, P. Effect of 

fatigue, chilling and mechanical trauma on 
resistance to experimental poliomyelitis. Am. J. 
Hyg., 42: 204, 1945. 

42. Lewis, T. and Pickering, G. W. Vasodilation in 

the limbs in response to warming the body; with 
evidence for sympathetic vasodilator nerves in 
man. Heart, 16: 33, 1932. 

Llo\d, D. P. C. The spinal mechanism of the 
194] m ' daI S>Stem in cats ' Neurophysiol. , 4: 525, 

41. Li.o\d, D. P. C. Reflex action in relation to pattern 
and peripheral source of afferent stimulation. J. 
•'europhysiol., 6: 111, 1943. 

-load, D. P, C. Facilitation and inhibition of 
46 L SP ' nal rnotoneurons - J • Neurophysiol., 9: 421, 1946. 
load, D. P. C. Integrative pattern of excitation 
aa inhibition in two-neuron reflex arcs, 7. 
A europhysiol., 9: 439, 1946. 

May, 1949 


59 1 

47. Lidell, E. G. T. and Sherrington, C. S. Reflexes 

in response to stretch (myotatic reflexes). Proc. 
Roy. Soc., London, 96B: 212, 1924. 

48. Lundb^ek, K. Experimental investigations on the 

function of the autonomic nervous system during 
the acute phase of poliomyelitis. Acta rned. Scandi- 
nav., 114: 565, 1943. 

49. Lundervold, A. Can synchronous units seen on 

electromyography be an artificial product? Acta 
psychiat. et neurol., 22: 249, 1947. 

50. Magoun, H. W. Bulbar inhibition and facilitation 

of motor activity. Science, 100: 549, 1944. 

51. McCulloch, W. S., Graf, C. and Magoun, H. W. 

A cortico-bulboreticular pathway from area 4-s. 
J. Neurophysiol., 9: 127, 1946. 

52. McDonald, S. F. Signs and symptoms of the acute 

stage of anterior poliomyelitis in the 1931-1932 
epidemic. M. J. Australia, 1:1, 1933. 

53. Mead, S. Some properties of denervated muscle. 

Arch. Physical Med., 28: 93, 1947. 

54. Normann, N. Kurare i behandlingen av poliomye- 

litt. Nord. med., 37: 476, 1948. 

55. O’Leary, I. L., Heinbecker. P. and Bishop, G. H. 

Nerve degeneration in poliomyelitis, physiologic 
and histologic studies on the root and nerves 
supplying paralyzed extremities of monkeys 
during acute poliomyelitis. Arch. Neurol. & 
Psychiat., 28: 272, 1932. 

56. Renshaav, B. and Therman, P. O. Excitation of 

intraspinal mammalian axons by nerve impulses 
in adjacent axons. Am. J. Physiol., 133: 96, 1941. 

57. Scheinker, M. Histopathologic findings in human 

poliomyelitis. Tr. Am. Neurol. A., 33, 1946. 

58. Schwab, R. S., Watkins, A. L. and Brazier, M. A. 

B. Quantitation of muscular function in cases of 
poliomyelitis and other motor nerve lesions. 
Arch. Neurol. & Psychiat., 50: 538, 1943. 

59. Schwartz, R. P. and Bouman, H. D. Muscle spasm 

in the acute stage of infantile paralysis as indi- 
cated by recorded action current potentials. 
J. A. M. A., 119: 923, 1942. 

60. Schwartz, R. P., Bouman, H. D. and Smith, W. K. 

The significance of muscle spasm. J. A. M. A., 
126: 695, 1944. 

61. Skinh0j, E. Nogle Poliomyelitisproblemer. Sub- 

mitted as a thesis to the University of Copen- 
hagen, 1948. 

62. Toomea', J. A. Diagnosis of poliomyelitis. J. A. 

M. A., 117: 269, 1941. 

63. Watkins, A. L., Brazier, M. A. B. and Schwab, 

R. S. Concepts of muscle dysfunction in polio- 
myelitis. J. A. M. A., 123: 188, 1943. 

64. Watkins, A. L. and Brazier, M. A. B. Studies on 

muscle innervation in poliomyelitis and nerve 
injuries. Arch. Physical Med., 26: 69, 1945. 

65. Wedell, G., Feinstein, B. and Pattle, R. E. 

Electrical activity of voluntary muscle in man 
under normal and pathological conditions. 
Brain, 67: 178, 1944. 

66. Weiss, P. and Brown, P. F. Electromyographic 

studies on recoordination of leg movements in 
poliomyelitis patients with transposed tendons. 
Proc. Soc. Exper. Biol. & Med., 48: 284, 1941. 

67. Wilson, S. A. K. Neurology i. London, 1940. 

Arnold Co. 



Clinical Aspects of Acute Poliomyelitis* 

Dorothy M. Horstmann, m.d. 

New Haven, Connecticut 


T he older habit of classifying clinical 
forms of poliomyelitis according to 
elaborate schemes based on clinical 
evidence of the site of central nervous system 
involvement has fallen into disuse, and 
today a simpler, more workable classifica- 
tion is preferred. One which is in common 
usage and will be adopted in this paper 
designates abortive, non-paralytic and paralytic 
types, and fits various cases including spinal, 
bulbar and encephalitic into this frame- 
work. The abortive form is defined as a 
symptomatically non-specific, mild, brief 
illness without clinical evidence of CNS 
involvement; the non-paralytic as one in 
which clinical signs of CNS disturbance 
appear but nerve cell damage is not severe 
enough to produce weakness or paralysis; 
and the . paralytic type in which definite 
muscle weakness or paralysis develops. 

Since poliomyelitis is a common acute 
infection which only occasionally is associ- 
ated with clinical evidence of CNS in- 
volvement, the abortive form of the disease 
is far more common than are the non- 
paralytic and paralytic types. Paul and 
Trask, 1 on the basis of house to house surveys 
carried out in 1931 and 1932, estimated the 
ratio of abortive to frank cases (non- 
paralytic and paralytic) to be about 9:1. 
Recently, however, evidence has appeared 
which makes it probable that the number 
of abortive cases has been underestimated, 
and they may outnumber the others by 20 
to 1 as determined by Sweetnam in Eng- 
land, 2 or even several hundred to 1 as 
estimated in a recent epidemic in New 
Zealand. 3 The amount of virus calculated 
to be present in urban sewage from a large 
city when only a few definite cases were 


apparent 4 supports the latter figure, since 
it is likely that sewage virus is derived from 
unrecognized mild abortive cases as well as 
from asymptomatic carriers. In any event 
the cases in which paralysis occurs repre- 
sents a small fraction of the total infections. 

Abortive Poliomyelitis. Many, probably 
most, patients with abortive poliomyelitis 
are never seen by a physician and are not 
included in statistics of reported cases be- 
cause no specific clinical diagnosis can be 
made. However, in spite of the fact that it 
is so non-specific an illness clinically, it 
seems likely that abortive poliomyelitis is 
sometimes, if not often, correlated with 
actual invasion of the central nervous sys- 
tem by the infective agent. An earlier 
concept that this brief febrile episode — 
sometimes termed a “minor illness” 6 — repre- 
sents a systemic reaction to a generalized 
infection, preceding the central nervous 
system invasion or passage of the blood- 
brain barrier 6 is no longer tenable. At least 
in the experimental disease, as shown by 
Bodian and Howe, 7 scattered but at times 
extensive lesions are found in the central 
nervous system of chimpanzees with abor- 
tive or non-paralytic poliomyelitis following 
ingestion of infective material. In the human 
abortive disease late elevation of cerebro- 
spinal fluid protein has been reported by 
Andelman and his associates. 8 This protein 
rise, appearing two or three weeks after the 
acute infection, may indicate that some 
pathologic process has been in progress in 
the central nervous system even though no 
clinical evidence of it appeared. It is possi- 
ble, therefore, that asymptomatic human 
carriers or persons with symptoms of mild 
abortive poliomyelitis who are excreting 


From the Section of Preventive Medicine, Yale University School of Medicine, New Haven, Conn. Aided by a grant 
from the National Foundation for Infantile Paralysis, Inc. 
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virus in their stools may also harbor it in 
their central nervous systems. 

In any event, because of its epidemiologic 
and clinical implications the recognition 
or at least the appreciation of abortive as 
well as non-paralytic and paralytic polio- 
myelitis is of importance. The clinician’s 
course with respect to the abortive disease 
is clear. Although these cases cannot be 
reported as poliomyelitis since a definite 
diagnosis is not possible, all patients with 
brief febrile illnesses during an epidemic 
should be regarded with suspicion and 
treated more cautiously than usual, for 
there is no way of telling which patients 
will go on to develop frank poliomyelitis. 
In the beginning the physician may prefer 
not even to mention the diagnosis as a 
possibility, for families are prone to be 
apprehensive to the point of hysteria during 
a poliomyelitis epidemic and anything 
which minimizes commotion is desirable. 

N on-par aly lie and Paralytic Cases. There 
are several familiar patterns which the acute 
illness may take in both paralytic and non- 
paralytic types. The so-called “dromedary” 
or diphasic form is characterized by a first 
phase which is indistinguishable from the 
minor illness constituting the whole disease 
in the abortive form. The first phase may 
be followed by a few days of well being 
before the second phase is ushered in with 
a recurrence of first phase symptoms plus 
evidence of central nervous system involve- 
ment. Sometimes first and second phases 
arc partially superimposed. Another situa- 
tion, and the more common one, is that in 
which the first phase is so mild as to be 
missed or does not occur at all, and the 
acute illness develops with the appearance 
of central nervous system signs, sometimes 
after a vague non-febrile prodrome of 
several days’ duration. Occasionally the 
onset may be prolonged with as many as 
ten days or more of prodroma without fever. 

hese various clinical forms of polio- 
myelitis are in some instances sharply 
. c mcc * anc l fairly easy to identify. Often, 
tow ever, they overlap and merge so that 
‘agnosts is anything but easy. Nor is it 
may, 1949 


always easy to decide whether to classify a 
case of non-paralytic or paralytic. For the 
question as to whether transient weakness 
of a few days’ duration deserves the term 
paralysis is one on which physicians fre- 
quently disagree. Our practice is to desig- 
nate those cases as paralytic poliomyelitis 
in which weakness or paralysis is demon- 
strable two weeks from the onset of second 
phase symptoms. 

INCUBATION PERIOD 

Since poliomyelitis has such a variable 
clinical pattern it is not surprising that the 
incubation period should appear to be 
variable, too. Figures varying from three 
to thirty-five days have been given® but 
the average time is usually taken to be ten 
days. Inasmuch as we do not know what 
constitutes adequate exposure to the virus 
or exactly what form (or forms) such ex- 
posure may take, it is not possible to 
measure the incubation period with any 
degree of accuracy. The difficulty is en- 
hanced by the fact that some patients have 
the biphasic course mentioned above and 
clinicians have not been consistent in 
designating the first day of the disease, 
whether it be the onset of the first or second 
phase. We have always considered the 
incubation period to be the time between 
exposure and the onset of first-phase 
symptoms, if such occur, in which case it is 
likely to average less than ten days. If no 
first phase occurs, one must date the incu- 
bation period from exposure to the onset 
of symptoms which may be ten days or 
longer. 

THE HISTORY 

An exploration into the epidemiologic 
circumstances often provides more of a lead 
as to diagnosis than do the actual clinical 
findings. Thus in the summer and during 
an epidemic the occurrence of mild, per- 
haps even non-specific symptoms compati- 
ble with early poliomyelitis are more sug- 
gestive of that diagnosis than the same 
symptoms encountered in the winter or in 
non-epidemic times. The probability of 
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poliomyelitis is enhanced if the patient is a 
child or a young adult or a young pregnant 
woman; if there has been other similar 
illness in the family, particularly in the 
young children; or if a definite case of 
poliomyelitis has occurred in the family. * 

In eliciting the story of the onset of 
symptoms in a suspected case, particularly 
in a child, it is well to question specifically 
about a possible bout of first-phase symptoms, 
for often these are so mild as to be dis- 
counted by parents and their occurrence 
as long as a week before the appearance of 
more dramatic second-phase symptoms 
does not couple them with the latter in 
parents’ minds. Listiessness, fever, head- 
ache, sore throat in the absence of an upper 
respiratory infection, anorexia, vomiting 
(rarely diarrhea), alone or in combination 
are the commonest symptoms in the first 
phase. Often they are of exceedingly short 
duration, a matter of a few hours; occasion- 
ally they last as long as two days but rarely 
more. The interval of well being before the 
onset of the second phase, if such occurs, 
varies from one to six or seven days, com- 
monly three to four days. 

The second phase (which more often occurs 
without an antecedent first phase) may 
appear abruptly or gradually over a period 
of several days. If the onset of symptoms is 
sudden, fever, headache and vomiting are 
most commonly encountered. The head- 
ache may be frontal, occipital or temporal; 
it is sometimes mild, often severe and burst- 
ing or pounding in type. A complaint of 
sore throat is not common as a second-phase 
symptom (although redness of the pharynx 
is the usual finding). Diarrhea has been 
described as a prominent feature in some 

* There have been many observations on the familial 
epidemiology of poliomyelitis. Paul, Salinger and Trask 6 
concluded that “minor illnesses” which probably repre- 
sent abortive poliomyelitis are four to six times com- 
moner in the familial associates of a known case than 
in control groups in which no case has been observed. 
Casey, Fishbein and Bundesen 1 " 1 have reported similar 
figures. Pearson et al. n and Wenner and Tanner 12 have 
isolated poliomyelitis virus from up to 80 per cent of 
the family contacts of known cases, and Zintek’s study 
of a family epidemic 13 illustrates the possible high inci- 
dence of infection in a family group with only one (or 
two) obvious cases. 


epidemics but constipation seems to occur 
more often. These early symptoms are often 
accompanied or followed quickly by spon- 
taneous pain in the extremities, both deep 
pain and hyperesthesias, and sometimes 
paresthesias. Soreness and stiffness of the 
neck and back are prominent early symp- 
toms. The soreness of the neck is not always 
associated with the extensor muscle group: 
in some instances the flexors are painful, in 
which case the soreness is localized to the 
lateral neck, sometimes unilaterally, some- 
times bilaterally. The soreness and stiffness 
of the back is usually present in the lumbar 
region but occurs also in the thoracic region 
and the patient then localizes it “between 
the shoulders.” Severe lumbar back pain 
not associated with motion of the spine — 
in fact relieved by it — also occurs (especially 
in adults), as does severe abdominal pain 
which may be cramp-like or steady and 
involve any quadrant, although usually 
the lower ones. Flank pain (in the flank 
muscles) is sometimes mistaken for ab- 
dominal pain by the patient and the 
physician. Pain in the chest is more often 
localized to the lower part of the thorax; it 
may be deep pain aggravated by breathing 
and is commonly associated with hyper- 
aesthesia and tenderness to pressure over 
the chest wall. 

If the second-phase symptoms develop 
gradually as they frequently do in adults, 
they may do so over a period of several 
days or occasionally several weeks. Listless- 
ness, slight and intermittent headache, 
anorexia, mild pains in the extremities, and 
again hyper- and paresthesias can occur 
before the onset of fever. Sometimes slight 
stiffness of the neck, back and hamstring 
muscles are present also for several days 
before the febrile period begins. This so- 
called “straggling” type of clinical picture 
may persist throughout the second phase, 
or the mild symptoms may suddenly be 
superseded by fever, vomiting, severe head- 
ache, peripheral pain and a sharp increase 
in stiffness of the neck and back. 

Whether the onset of the second phase is 
sudden or gradual, a number of other 
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symptoms may be encountered. These 
include psychic reactions and transient 
changes in personality such as extreme 
irritability not associated with pain or 
hyperesthesia. The sensation has been 
described by patients as one of overpower- 
ing restlessness and hypersensitivity to 
external stimuli such as noise. Varying 
degrees of emotional instability and over- 
reaction often accompany this agitation. 
The emotional lability sometimes persists 
far into convalescence. Not infrequently a 
brief period (one day or less) of irritability 
is followed by more persistent listlessness, 
lassitude and even drowsiness and coma. 
Convulsions are rare but do occur. Dizzi- 
ness, which is not true vertigo but a light- 
headedness is not an uncommon early 
symptom. Shaking chills are rare and more 
apt to occur in the bulbar form of the 
disease. Generalized tremulousness is also 
more common with bulbar poliomyelitis 
but occurs with other forms as well. * 

In epidemic times, due to extensive 
publicity to acquaint parents with the 
symptoms of early poliomyelitis, physicians 
are more apt to be called to see patients 
before any weakness or paralysis develops. 
Because the early clinical picture can be 
so varied and even bizarre, the diagnosis 
may be suspected but not clear until the 
appearance of muscle stiffness and weak- 


ness. As long as fever persists one can expect 
paralysis to develop (or to extend). Weak- 
ness of an extremity is sometimes preceded 
by stiffness and twitching of the involved 
muscle groups but these may occur without 
subsequent paralysis. The story of falling 
when attempting to walk or sudden collapse 
of an extremity so that the patient falls tc 
the floor unexpectedly is not uncommon, 
I he patient may say that he then got up 
and walked off with no difficulty. A day 
atcr. however, the leg may be weak 01 
paralyzed. 

Although the onset of weakness 01 
paralysis is common while fever is stili 


sem^ nCC poliomyelitis is being discussed as a 

;i) ratc su 9jcct lu this symposium, its special features 
" ,!! I* dealt with here. 
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present, it often occurs as the fever begins 
to fall and concurrently with an improve- 
ment in the general clinical picture: the 
patient feels more alert, his headache, back 
and neck soreness are much improved and 
his appetite begins to return. He feels on 
the road to recovery but suddenly discovers 
that his limbs will not function properly. 

VARIABILITY OF SYMPTOMS IN DIFFERENT 
AGE GROUPS 

As in many infectious diseases the influ- 
ence of age on symptomatology is important. 
A recent survey of several hundred polio- 
myelitis patients in various age groups 
during two large epidemics *' 4 has revealed 
that the clinical pattern in the non-paralytic 
and paralytic forms varies markedly in 
several respects with the age of the patient. 
Most striking differences were the following: 
(1) The diphasic, “dromedary” course was 
common in young children and rare in 
individuals over fifteen; (2) the onset of 
symptoms in young children was usually 
abrupt; in the older age groups it was often 
gradual and sometimes preceded by a 
relatively long prodromal period; (3) the 
time between the onset of preparalytic 
symptoms and the appearance of paralysis 
tended to be shorter in young children; (4) 
pain — both superficial and deep — was a 
more prominent feature of the disease in 
the older age groups than in young children. 

The diphasic course, sometimes stated 
to occur in up to half the patients with 
signs of central nervous system involvement, 
diminished in frequency with increasing 
age of the patient as follows: 


Age 

No. of Cases 

No. with 
Two Phases 

Per cent with 
Two Phases 

2-4 

83 

29 

35 

5-9 

105 

40 

38 

10-14 

78 

13 

17 

15-19 

58 

6 

10 

20 + 

59 

7 

12 


Comparing combined age groups 2-4 and 5-9 with 
15-19 and 20-f, chi square = 24.14. P = <0.001. 


* Detailed clinical histories were taken by one person 
from all the patients, or from the parents of the young 
children. ' 1 
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There was no striking preponderance of 
the diphasic course in the paralytic or 
non-paralytic groups. 

Another difference was apparent in both 
paralytic and non-paralytic cases in the 
type of onset of “second”-phase symptoms, 
whether sudden or gradual: 


Age 

No. of 
Cases 

Onset Sudden 

Onset Gradual 

No. 

Per Cent 

No. 

Per Cent 

2-4 

83 

70 

82 

13 

18 

5-9 

105 

86 

82 | 

19 

18 

10-14 

78 

44 

56 

34 

44 

15-19 

58 

27 

47 

31 

53 

20 + 

59 

20 

34 

39 

66 


Comparing combined age groups 2—4 and 5-9 with 
15-19 and 20 +, chi square = 37.30. P = <0.001. 


Spontaneous pain was encountered more 
frequently as the age of patients increased, 
and in individuals fifteen years and over it 
was striking. Severe, excruciating pain, 
sometimes as the first symptom and in the 
absence of fever, was a characteristic in the 
older age groups. This pain tended to 
appear suddenly during the night, most 
commonly in the low back but sometimes 
in the legs or flanks. In contrast to pain 
associated with stiffness of muscles it was 
relieved by motion and a number of pa- 
tients told of having paced the floor all 
night in order to obtain relief. No counter- 


Age 

l 

! 

No. of 
Cases 

Pain as a 
Presenting 
Symptom * 

Pain during 
| First Twenty- 
four Hours of 
Symptoms t 

No. 

Per Cent 

No. 

Per Cent 

2-4 

83 

27 

33 

33 

40 

5-9 

105 

41 

39 

58 

46 

10-14 

78 

24 

31 

41 

40 

15-19 

58 

33 

57 

44 

76 

20 + 

59 

37 

63 

45 

76 


Comparing combined age groups 2—4 and 5-9 with 
15-19 and 20-)-, chi square = 16.37* and 32.71 f 
P = <0.001. 


part of this type of pain was encountered in 
young children. 

Tabulating all complaints of pain, either 
superficial or deep (exclusive of headache) 
occurring during the first twenty-four hours 
of symptoms, the figures in the preceding 
table were obtained. 

In addition to being more frequent in 
individuals fifteen and over, peripheral 
pain was often severe and protracted in the 
older age group, and mild and fleeting in 
young children. 

Some of the variations in symptomatology 
characteristic of children and adults are 
illustrated by the following two cases: 

Childhood Type. B. D., a two year old girl, 
was well until January 19th when she com- 
plained of sore throat and was noted to be list- 
less and anorexic. These symptoms plus a low 
grade fever persisted through the following day 
but on neither day was she ill enough to remain 
in bed. On January 21st all complaints had 
disappeared and she seemed entirely well al- 
though not quite as peppy as usual. She played 
actively, however, and had no complaints during 
the following two days. At 2:00 a.m. on January 
23rd she awakened suddenly crying and com- 
plaining that her head hurt. She slept again 
but awakened in the morning screaming with 
severe headache. Her fever was high and she 
was nauseated and refused food. If allowed to 
lie still, she was quiet and uncomplaining 
through the day, but any slight movement 
seemed to aggravate the head pain. At no time 
was there a complaint of pain in the extremi- 
ties. She was seen by a physician who noted a 
red throat and prescribed sulfadiazine. She 
spent a restless night, awakening frequently. 
By morning the fever was still high, the neck 
was stiff and she seemed unable or unwilling 
to move her extremities or raise her head. Com- 
plete paralysis of arms and legs was evident 
during the course of the day. After admission 
to the hospital paralyses of the intercostal 
muscles and diaphragm developed and respira- 
tor treatment was necessary for a three- week 
period. Convalescence was slow; there was 
some return of function in all extremities, but 
severe residual paralyses were present several 
months after the acute illness. 

Adult Type. J. H., a twenty-six year old 
newspaper reporter, on September- 19th began 
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to feel cross and irritable which was unusual 
for him. This continued for three days when 
he noticed in addition the presence of an area 
of hyperesthesia over the right side of his low 
back; the skin felt “as though it had been 
bruised” but inspection by a member of his 


hours walking around, crying with pain, ex- 
hibiting an emotionalism . which was most 
unusual for him. By 3:30 p.m. the back pain 
was so agonizing that the physician was again 
called, morphine was again administered, and 
the patient slept until 7:00 p.m. On awakening 


headache 

SORE THROAT 

* 

ANOREXIA 

vomiting 


4-SYMPTOM- FREE- 


HEADACHE - SEVERE 

vomiting 

STIFF NECK. BACK 
* STIFF HAMSTRINGS 

PAIN IN LIMBS 
^PA RALYSIS 



DAYS 


m 
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ELEV. 
PROTEIN [ 


+F 

+ 


PHASE 


-INCUBATION PERIOD - 
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Fig. 1. Schematic diagram illustrating the clinical course of the “childhood type” of acute poliomyelitis. 


family revealed no skin lesions. Irritability and 
hyperesthesia continued for three days unac- 
companied by other symptoms until September 
25th when he felt tired and listless on awakening 
and noticed a slight headache and slight back- 
ache. His temperature was normal and he did 
not feel ill enough to remain in bed. He spent 
an active day, retired early and slept well until 
3:00 a.m. when he was awakened by an ex- 
cruciatingly severe pain around the middle of 
his body, most severe in the flanks and low 
back. T he pain was so severe that he could not 
remain in bed but got up and paced the floor, 
"’hick seemed to give some relief. At 3:30 a.m. 
a Physician was called. A diagnosis of probable 
uieteral stone was made and he was given 
niorphinc, which enabled him to sleep until 
•00 a.m. On awakening the pain was still 
severe and by afternoon there was in addition 
sevcie headache, nausea and vomiting, and 
* stiffness of the neck. The temperature 
remained normal. Throughout the day there 
''as extreme restlessness and the patient spent 
may, 1949 


the same symptoms plus urinary retention were 
present, and hospitalization was recommended. 
The following morning, September 27th, a 
complete investigation of the genitourinary 
tract was undertaken but no ureteral stones 
were found. By afternoon the neck and back 
were stiffer and by the following day, September 
28th, the legs were weak. A diagnosis of polio- 
myelitis was made and the patient was trans- 
ferred to an isolation unit. At this time his 
temperature was 99 °f., there was marked stiff- 
ness and retraction of the neck, marked stiffness 
of the back, and slight hamstring tightness, 
distended bladder, paralysis of both legs, weak- 
ness of the left arm, weakness of the intercostal 
muscles and diaphragm. Spinal puncture re- 
vealed 213 cells (84 per cent lymphocytes) and 
a + Pandy. He was placed in a respirator and 
on the following day'-, because of progressive 
bulbar signs, a tracheotomy was performed. 
His course continued stormy, with days of semi- 
coma and cyanotic periods. After several weeks, 
there was improvement in the bulbar signs but 
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the limbs remained essentially flail, and the 
patient was still in a respirator one month 
after onset. 

Some of the differences in clinical pattern 
exhibited by these two patients are sum- 
marized in Figures 1 and 2. Young children 


or no edema of the pharyngeal tissues. If 
and when the disease progresses, stiffness 
of the neck, back and hamstrings soon 
becomes very prominent and this condition 
is perhaps the most useful finding in 
establishing an early diagnosis. The stiffness 



Fig. 2. Schematic diagram illustrating the clinical course of the “ adult type” of acute poliomyelitis. 


(Fig. 1) often have a diphasic course, a 
sudden onset of the second phase and a 
short preparalytic period. Young adults 
(Fig. 2), on the other hand, have a single 
phase but a more prolonged illness with 
gradual onset, several days of prodromal 
pain and a long preparalytic period. These 
patterns are by no means rigid; some adults 
have courses similar to that described as 
the childhood type while children some- 
times exhibit courses more characteristic 
for adults. 

PHYSICAL EXAMINATION 

The patient in the first phase, or the 
abortive disease, presents no abnormalities 
on physical examination except listlessness, 
fever and some redness of the pharynx. In 
the beginning of the second phase the 
situation is similar: there is fever, a dusky 
red appearance to the pharynx but little 


may be mild, merely a slight resistance to 
the last degree of flexion of the neck, or it 
may, rarely, be so marked as to present 
opisthotonus. Stiffness of the spine is best 
elicited by having the patient sit up in bed 
with the knees naturally flexed and asking 
him to “kiss his knees.” If the back is 
supple, this is easily accomplished without 
discomfort. If the back is stiff, however, it 
may be difficult or impossible to perform, 
and attempts to do so will be accompanied 
by considerable pain. In this case the spine 
sign is positive. If the back is flattened and 
rigid, the patient may not be able to sit 
naturally at all but will support himself 
on his two outstretched hands, his trunk 
tilted backwards, i.e., in the “tripod posi- 
tion” which is also a characteristic sign. 
Tightness of the hamstring muscles and 
resistance to extension of the leg are very 
common. Other muscles, including the calf 
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muscles and those of the upper extremities, 
may also exhibit stiffness and tightness; 
wherever this stiffness and tightness exist 
the muscles are apt to be sore and any 
attempted motion painful. The mechanism 
of the stiffness is not clearly understood, nor 
is it apparent why it persists undiminished 
in certain patients long after the acute illness 
has subsided, and sometimes in the absence 
of any muscular weakness. 

Another sign which is perhaps less well 
known but was described at least thirty-five 
years ago 15 is “head drop.” Dr. A. L. Hoyne, 
whose name is associated with this sign, 
has used it effectively and has emphasized 
its value. It is elicited by having the child 
lie on its back, placing one’s hands beneath 
his shoulders and so lifting him up from the 
bed. In the normal child the head follows 
along in a plane with the body as it is 
raised but in poliomyelitis (even in its 
earliest stages) the head falls back limply 
in a position of hyperextension. Although 
this sign is not specific — it occurs in children 
severely ill with any prostrating disease in- 
cluding pneumonia and meningitis — in the 
obvious absence of such disease it is a 
useful sign which suggests poliomyelitis. 

Although there may be stiffness of the 
back, neck and hamstrings, the reflexes in 
the early stages may be normal and active. 
In the non-paralytic disease they usually 
remain so. When changes begin to appear, 
characteristically there is first an irregular 
shift from normal to hyperactive, and then 
sudden (and sometimes transient) shifts to 
diminished or absent reflexes. Usually the 
appearance of reflex changes precedes the 
advent of weakness or paralysis by twelve 
to twenty-four hours, and may therefore 
herald that event. The superficial reflexes 
are the first to go: the abdominals, cre- 
masteric and spinal reflexes. The latter, 
which are normally present segmentally 
from the upper back down to and including 
gluteal region, although not so widely 
tested as the abdominals, are of similar 
significance; sometimes they disappear be- 
ore the abdominals. The site of the absent 
s, ipci ficial reflex is often of prognostic 
may, 1949 
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importance; thus if the right lower ab- 
dominal reflex disappears, one may expect 
to find some weakness of the right lower 
extremity the following day. 

Changes in the deep reflexes have also a 
prognostic value. A diminished patellar 
response on one side, or an exaggerated one, 
may point to possible subsequent develop- 
ment of weakness on that side. As weakness 
and paralysis increase there is a progressive 
loss of reflexes, and a patient seen in the 
stage of severe paralysis of all extremities 
may have no demonstrable reflexes,' super- 
ficial or deep. 

The periodic examination for muscle 
power need not and should not be ex- 
haustive in the acute stage of the disease 
but it is valuable to have a record of the 
general state of the muscle groups as a base 
line. All patients in whom there is progres- 
sing muscle weakness require observation 
frequently for evidence of diminished ex- 
cursions of the intercostals and diaphragm. 

CLINICAL LABORATORY FINDINGS 

Spinal Fluid. The most valuable labora- 
tory test in the diagnosis of poliomyelitis is 
the examination of the spinal fluid. If the 
total white cell count is elevated above 8 
to 10 cells, and the protein above 35 to 
45 mg. per 100 cc., the diagnosis in a 
suspicious case is more likely. Although 
spinal fluid abnormalities are usual in 
poliomyelitis, one cannot rely on a negative 
test to rule out the diagnosis, because if the 
patient has the abortive form or is in the 
first phase of a “dromedary” course, a 
negative spinal fluid is to be expected. If he 
has non-paralytic or even paralytic polio- 
myelitis, his spinal fluid may still be normal, 
especially if he is seen on the first day of 
symptoms. Occasional patients with the 
non-paralytic or paralytic form of the 
disease have persistently normal spinal 
fluid cell counts; in one series of cases the 
figure given was 12 per cent. 16 Fraser 17 cited 
a paralytic case which was fatal several 
hours after a spinal tap revealed a normal 
fluid and we also have seen a negative fluid 
in a fatal case proved at autopsy. 
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Although spinal fluid findings are not 
diagnostic (or prognostic) in poliomyelitis, 
certain features are characteristic at various 
stages of the disease. Since 1 91 2 15 it has been 
emphasized that (1) the cell count is 
highest during the first week of the disease 
in the preparalytic and paralytic stages; 
(2) the predominant cell type is almost 
always the mononuclear although often 
early in the disease the polymorphonuclear 
form predominates; (3) the protein is low 
and often normal during the first week but 
rises during the second and third weeks, 
remains up through the fourth week, 
gradually decreasing to normal by the 
fourth to tenth week. Thus the protein is 
still elevated and often still rising while 
the cell count has returned to normal. 
Recent studies have confirmed and extended 
these early findings 18 and it is apparent that 
the CSF picture in late poliomyelitis re- 
sembles that of the Guillain-Barre syndrome 
and diphtheritic polyneuritis. 

Blood. There is no consistent change in 
the blood picture. As a rule the white cell 
count is normal or moderately elevated (10 
to 15,000) with a slight shift in the differ- 
ential count and relative lymphopenia. If 
the patient is dehydrated, there may be a 
high hematocrit and a more elevated white 
cell count. Rapid erythrocyte sedimentation 
rates have recently been reported to occur 
in about half the patients tested. 19 At 
present there is no serologic test available 
which is diagnostic for poliomyelitis. 

Urine. Routine urinalysis reveals no 
abnormalities. Watson and his colleagues 20 
have described an increased excretion of 
coproporphyrin III in acute poliomyelitis. 

DIFFERENTIAL DIAGNOSIS 

During an epidemic certain diseases 
must be considered, especially in some 
areas. In the western part of the United 
States and particularly in California, the 
arthropod-borne encephalitides are the most 
important. Since the seasonal incidence and 
clinical picture of eastern and western 
equine encephalomyelitis and St. Louis 
encephalitis may be indistinguishable from 


that of poliomyelitis, the final diagnosis of 
these diseases rests on serologic evidence. 
Clinical signs which may be of help in dif- 
ferentiation include the greater tendency 
for patients with the encephalitides to show 
sustained high fever, convulsions, oph- 
thalmoplegia, and less commonly than 
poliomyelitis, paralysis of the limbs. 

Rocky Mountain spotted fever and endemic 
typhus are summer diseases (depending 
somewhat on the part of the United States 
and the time at which the vectors flourish) 
and can simulate the clinical picture of 
poliomyelitis. In their early stages fever, 
headache, severe muscle pain, hyperes- 
thesias, restlessness, insomnia and stiff neck 
may all be present for several days before 
the rash appears to clarify the diagnosis. 

It is now apparent that mumps meningo- 
encephalitis may occur in the absence of 
parotitis, and may have a clinical picture 
similar to that of non-paralytic poliomye- 
litis. If this disease is suspected, it is impor- 
tant to ascertain whether classical mumps 
cases exist in the patient’s family or com- 
munity. There is no clinical sign which can 
be relied upon to differentiate aseptic 
meningitis from non-paralytic poliomyelitis, 
but both mumps and lymphocytic chorio- 
meningitis can eventually be diagnosed by 
serologic means if acute and convalescent 
sera are available. 

Mention has already been made of the 
patient with severe back pain whose illness 
is mistaken for kidney disease. Severe ab- 
dominal pain, which may shift from the 
epigastrium to the right lower quadrant 
and may be associated with nausea and 
vomiting, sometimes results in the admis- 
sion of a poliomyelitis patient to a surgical 
service where appendicitis is suspected and 
an appendectomy may be performed before 
the correct diagnosis becomes apparent. 
Epidemic pleurodynia or Bornholm disease, 
which is also a summer disease, is occasion- 
ally mistaken for poliomyelitis; the rapid 
subsidence of fever and chest pain in twenty- 
four hours, without stiffness of muscles, dis- 
tinguish it however. 

The Guillain-Barre syndrome or infectious 
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polyneuritis seems to appear in the course 
of every epidemic of poliomyelitis. It should 
be entertained as a possibility in patients - 
with paralysis whose spinal fluid early in the 
acute disease reveals a normal cell count 
but an elevated protein content. The clini- 
cal features which distinguish it from polio- 
myelitis are the symmetrical distribution of 
paralyses (particularly facial diplegia), the 
frequent occurrence of sensory loss and the 
absence of muscle tightness and pain. 

Various infections including streptococcal 
sore throat, retropharyngeal abscess and the 
exanthemas are sometimes accompanied by 
transient meningismus which may be con- 
fusing. Other conditions which should be 
kept in mind and ruled out are the post- 
exanthem encephalitides, transverse mye- 
litis, post-diphtheritic polyneuritis, purulent 
meningitis, tuberculous meningitis, as well 
as the more remote possibilities of rheumatic 
fever, trichinosis and osteomyelitis. 

MEDICAL TREATMENT 

At the present time there is no specific 
treatment available for poliomyelitis. None 
of the antibiotics or sulfonamide derivatives 
which have been tried has had any effect in 
destroying the virus or controlling its spread 
in the body. At one time it was believed 
that convalescent serum was a valuable 
specific form of therapy. However, no con- 
trolled trials have been reported which 
would support this view; in fact the recent 
study by Bahlke and Perkins , 21 in which 
•^rge doses of gamma globulin were given 
to alternate patients in the preparalytic 
stage without demonstrable effect on their 
subsequent courses, establishes the inef- 
cctivcness of such therapy as far as adult 
serum is concerned. Another point which 
mi itates against the use of serum is the 
evidence that patients may already have 
specific antibodies against their own strain 
° virus by the time they are admitted to 
the hospital . 22 

JSince there are no specific therapeutic 
\cnts available, medical management 
0rtles down to general supportive measures 
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and the anticipation and handling of 
complications. 

Hospitalization. The tendency at present 
is to treat all patients in whom a definite 
diagnosis has been made in the hospital. 
This is probably wise since there is such 
uncertainty as to the future course in all 
early cases. However, the decision as to 
which cases are to be hospitalized and 
which may be treated at home will vary 
in different places and at different epi- 
demics, depending on the local facilities 
available. A special isolation hospital is not 
necessary for general hospitals can care for 
poliomyelitis patients and should accept 
their community responsibility to do so. In 
the transportation of the patient to the 
hospital, care should be exerted that the 
trip involves a minimum of exertion and 
trauma. 

In the hospital, management of the 
patient with poliomyelitis has become a 
task involving the services of a team of 
specialists. During the acute illness it has 
proved most satisfactory to have his care 
in the charge of the internist or pediatrician, 
with specialists in orthopedics and physical 
medicine acting as consultants, directing 
the special forms of treatment which are 
their province. Depending on the condition 
of the patient rather than on any arbitrary 
time designated as the end of the isolation 
period, the responsibility is transferred to 
the orthopedist or the specialist in physi- 
cal medicine for convalescent and late 
treatment. 

General Measures. Early bed rest is im- 
portant for all patients whether at home or 
in the hospital. There seems little doubt 
that it is one of the most important thera- 
peutic and preventive measures, especially 
after the onset of the preparalytic phase. 
Russell’s recent study 23 suggests that there 
is a close correlation between the degree of 
physical activity in the early preparalytic 
phase and the final outcome in terms of 
severity of paralysis. Such correlation has 
long been postulated on the basis of clinical 
experience. The history of violent exercise 
immediately preceding the onset of paraly- 
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sis is not an uncommon one, and this fact 
coupled with experimental evidence that 
virus concentration in the anterior horn 
cells is high at least one day before paralysis 
appears 24 has been interpreted as indicating 
that physical activity may be one of the 
mechanisms which upsets host-virus equilib- 
rium and precipitates irrevocable injury 
to the cells of the central nervous system. 
The evidence 23 that bed rest (i.e., avoidance 
of any physical activity) may be a factor 
which contributes to the arrest of the disease 
in the preparalytic phase is of great thera- 
peutic importance. Bed rest for a few days 
following the abortive disease, and certainly 
a longer period following the mild non- 
paralytic type, is strongly recommended for 
rest may be one factor in preventing the late 
paralyses which sometimes occur. 

Orthopedists recommend that a firm 
hard bed be provided from the beginning, 
particularly for patients with marked muscle 
tightness and paralyses. The bed should be 
fitted with a footboard placed several inches 
beyond the mattress end, allowing room 
for the heels or toes when the patient lies 
supine or prone. The footboard also serves 
to protect the extremities from the pressure 
of bed-clothing and allows proprioceptive 
reflexes to be stimulated when the feet rest 
against it. If the legs are weak, the knees 
should be supported in a slightly relaxed 
position; weak arms should be in external 
rotation alongside the body but not against 
it. If the patient is acutely ill or irrational, 
it will obviously not be possible to keep 
him in this position, but the sooner it can 
be achieved the better. 

Purely medical aspects of treatment can- 
not of course be separated from other forms 
of therapy. The maintenance of good 
morale is an important feature which is apt 
to be overlooked in the stress of an epidemic 
when acute medical emergencies are at 
hand. Poliomyelitis, perhaps more than 
any other disease in our time, provokes fear 
and terror in the public mind. The patient 
whether child or adult, may therefore 
enter the hospital in a state of extreme 
apprehension. He requires continuous help 
and reassurance to enable him to adjust 


to his illness and perhaps to a permanent 
physical handicap. If this help can be given 
from the beginning, there is less danger of 
the later development of neurotic fears and 
dependencies which in addition to their 
psychiatric implications may interfere with 
the achievement of maximum physical 
improvement. 25 

Preparalytic Stage ( and Non-paralytic Cases). 
In mild non-paralytic cases with little 
fever and minimal stiffness no treatment 
other than bed rest, light diet and adequate 
nursing care is necessary. In the more 
severely ill patient who has high fever and 
is dehydrated, parenteral fluids and salt 
are indicated. 

Sedation and relief of pain are often 
pressing problems in the early acute disease. 
Relief of pain is best accomplished by the 
intermittent application of hot moist packs 
according to Miss Kenny’s technic, 25 a 
subject which is reviewed in another article 
in this symposium. Hot baths may also be 
used effectively, especially in small children. 
Whenever hot packs or hot baths are used, 
salt tablets should be given to prevent 
chloride depletion which results .from ex- 
cessive salt loss in perspiration. 

The response to the common analgesics 
is not very satisfactory but aspirin, codeine 
or demerol may be used. Often, if pain is 
relieved by means of hot packs and drugs, 
the patient will fall asleep easily and seda- 
tion will not be necessary. This is a desirable 
result for the danger of aggravating incipi- 
ent or actual respiratory difficulty makes 
it necessary to use sedatives cautiously. 
Some physicians believe, however, that the 
relatively great physical activity of the 
restless, sleepless, patient tossing about the 
bed all day and all night represents a 
danger in possibly precipitating paralysis, 
and adequate sedation should therefore be 
given if there is no obvious respiratory 
embarrassment. 

In recent years several drugs have been 
advocated for the relaxation of muscle 
tightness and relief of pain. Kabat and 
Knapp 27 introduced prostigmine in 1943 
and it has received extensive clinical trial, 
with variable results. 28,29 Ransohoff 30 has 
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recommended curare enthusiastically but 
not all are agreed as to its benefits 31 and 
it has been found to be a drug of consider- 
able potential danger. Cole 32 states that 
none of the drugs has been found to be as 
effective as the more tedious and cumber- 
some method of hot packs, and none has 
therefore come into general use. 

Paralytic Stage. What has been said of 
the care indicated in the pre-paralytic 
phase applies equally to the early paralytic. 
The problem of the relief of pain may con- 
tinue for some time. Although the patient is 
comfortable during the day, he may suffer 
night pain 3 severe, deep, aching pain in the 
weakened or paralyzed back or extremities, 
which persists sometimes for weeks. This 
pain often defies every form of treatment 
which may be tried, including continuous 
hot packs, analgesics and sedatives. 

Complications. Certain complications re- 
quire special treatment. Urinary retention is 
common in patients with severe involve- 
ment of the lower extremities. Before resort- 
ing to catheterization an adequate trial of 
drug therapy should be given. So far, the 
parasympatheticomimetic drug, furfuryl tri- 
methylammonium iodide (“furmethide”) 
has proved the most efficacious if given in 
adequate dosage. 33 If there is no response to 
drugs, catheterization will be necessary. 
It may be required for several days, in 
which case prophylactic sulfadiazine should 
be given. In most instances retention lasts 
onl Y a few days and there is no further 
difficulty. For this reason an indwelling 
catheter is rarely indicated and never until 
after several days’ trial of drugs and repeated 
catheterization have failed. The objection 
to an indwelling catheter is that it tends 
to prolong the period of retention and the 
eventual risk of infection is therefore 
increased. 

Atony oj the gastrointestinal tract is a common 
occurrence, especially in patients with 
P a , ra Y; s ’ s of the lower extremities. Prostig- 
m ‘ ne * n sm all doses produces contraction 
°. t lc bowel and relief of abdominal disten- 

jon and discomfort. The normal tone of 

^ S as trointestinal musculature usually 
rC Urns spontaneously within a few days. 
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Respiratory failure is the most serious com- 
plication in poliomyelitis. It may be of two 
types (1) central, which occurs in bulbar 
poliomyelitis and results from involvement 
of the respiratory center; and (2) perip- 
heral, as a result of involvement of the 
segments controlling respiratory muscles, 
the intercostals and diaphragm. Both types 
may be seen in the same patient at the same 
time. The extremely complex mechanisms 
of respiratory dysfunction which result 
have been studied in detail by Elam and 
his associates. 34 

The treatment of respiratory failure of 
the central type is a problem in the manage- 
ment of bulbar poliomyelitis and is dis- 
cussed elsewhere in this symposium. In 
following a patient with spinal poliomyelitis 
who is beginning to have difficulty in 
breathing it is wise to have a respirator at 
the bedside ready for use, for sudden 
changes in the character of the breathing 
may necessitate immediate artificial respira- 
tion. If there is doubt about the function 
of the diaphragm, fluoroscopy of the chest 
is helpful in determining its degree of 
motion. Not infrequently the first signs of 
trouble are due not to actual weakness of the 
respiratory muscles but predominantly to 
their being “in spasm,” i.e., tight and stiff, 
just as other muscles may be. The first form 
of treatment to be tried, therefore, is hot 
moist packs to the chest, applied inter- 
mittently for twenty- to thirty-minute 
periods. In some instances the respiratory 
exchange (which can be followed easily by 
listening over the mouth or nose with a 
stethoscope) improves and the patient 
relaxes. In others, in whom progressive 
muscle weakness is occurring, there may 
be no improvement but a progression of 
symptoms and signs: more and more feeble 
respiratory excursions, increasingly rapid 
pulse, cyanosis and apprehension. In such 
a situation respirator treatment will be 
necessary. 

Once in a respirator the patient requires 
constant attention. If he is severely ill or 
comatose, a Levine tube for feeding will be 
necessary. Intravenous fluids are frequently 
required. Sometimes considerable explana- 
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tion may be necessary before the patient 
can be persuaded to coordinate his breath- 
ing with the respirator and not to fight the 
machine. If there is some element of central 
respiratory failure as well as respiratory 
muscle paralysis, the respiratory center 
may be sending out irregular impulses 
which interfere with the rhythmical me- 
chanical respirations induced by the respira- 
tor. In such instances curare has been em- 
ployed to block the response of the respira- 
tory muscles to the irregular stimuli issuing 
from the respiratory center, thus allowing 
the respirator to “take over.” Usually it is 
necessary to give only one dose following a 
test dose, for once the respirator rhythm is 
established it continues reflexly. 

From now on many possible complica- 
tions may occur. It is useful to have a 
stethoscope taped over the P.M.I., the ear 
pieces extending to the outside, in order to 
record the heart rate at frequent intervals. 
Prophylactic penicillin may be given to 
protect against respiratory tract infection. 
Continuous intranasal oxygen is indicated 
if the color is poor or if there is any evidence 
of central respiratory failure. (If the patient 
has had a tracheotomy, oxygen is given 
through the tracheal tube.) 

Pulmonary atelectasis is a complication to 
which respirator patients are particularly 
prone. It can be prevented to some extent 
by the use of oxygen under positive pressure 
either continuously or intermittently by 
mask. When atalectasis occurs, broncho- 
scopy and removal of the plug of secretions 
may be a life-saving measure. Not infre- 
quently patients develop recurrent attacks 
of cyanosis but on bronchoscopy no plug is 
found. Patchy peripheral atalectasis is a 
possible explanation of these episodes; they 
may be difficult to control but positive 
pressure oxygen seems to reduce the fre- 
quency of their occurrence. 

The problem of dispensing with the 
respirator as early as possible is important 
since the machine tends to suppress the 
normal mechanism of breathing, and the 
patient literally forgets how to breathe by 
himself. Also, the longer he is in a respira- 
tory the more difficult the process of wean- 


ing him away from it becomes. The use of 
the oximeter, described by Millikan, 35 has 
proved of benefit in enabling clinicians to 
follow the progress of the patient with 
respect to his respiratory function. This 
instrument is attached to the pinna of the 
ear and readings of the relative saturation 
of oxyhemoglobin in arterial blood are 
obtained. The level can be followed when 
the patient is removed from the respirator, 
a fall below a certain level being an indica- 
tion for him to be returned to the machine. 
Usually the time out of the respirator can 
be increased gradually, day by day, until 
the machine can be abandoned entirely. 

PROGNOSIS 

As far as the acute stage of poliomyelitis 
is concerned, the subject of prognosis can 
be summarized briefly: (1) Early in the 
course no prediction can be made. (2) As 
long as fever persists there is a possibility 
that paralysis may develop or extend; once 
the temperature has returned to normal 
the development of paralysis is rare. (3) The 
mortality rate varies considerably in dif- 
ferent epidemics but is usually 5 to 8 per 
cent. It is greatest in the bulbar form of the 
disease and in those with peripheral respira- 
tory failure. It varies also with increasing 
age of the patient, being considerably 
higher in adults than in children. 

CLINICAL IMMUNITY 

It has usually been assumed that one 
attack of poliomyelitis confers solid im- 
munity to the disease. There is evidence 
that chimpanzees, who seem to resemble 
humans in their response to infection with 
the virus of poliomyelitis, can be infected 
repeatedly with different strains of virus 
but are not subject to reinfection with the 
same strain. 36 In the human disease au- 
thenticated second attacks have been re- 
ported rarely but they probably occur more 
often than they are reported. Fischer and 
Stillerman 37 have raised the question as to 
whether the low morbidity rate in polio- 
myelitis would not make the incidence of 
second attacks rare even if no immunity 
occurred following the disease. In the 1935 
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New York City epidemic they observed 
four second attacks, a rate of 2 per thou- 
sand, which was within the limits of ex- 
pectancy if no immunity resulted from a 
previous attack. However, these figures were 
not based on age specific rates and cannot 
therefore be taken as final. Nevertheless, 
increasing evidence of the widespread dis- 
tribution of virus during epidemics suggests 
that reinfection with poliomyelitis virus 
may occur more often than has been sup- 
posed, but the reinfection usually remains 
at the subclinical level. 
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Moist Heat in the Treatment of Poliomyelitis* 

William T. Green, m.d. and Thomas Gucker, hi, m.d. 

Boston, Massachusetts 


M oist and dry heat have apparently 
been advocated for the treat- 
ment of poliomyelitis from the 
time the disease ‘ has been recognized. 
Recently the use of hot packs has been so 
emphasized that they have in the popular 
mind come to indicate a method of treat- 
ment from which miraculous effects are 
to be expected. In truth they have no such 
effects although the use of moist heat and 
hot packs represents an adjunct which is 
distinctly helpful. 

Treatment in poliomyelitis is adjusted 
to the problem presented, by the individual 
patient and to the stages of the disease, 
whether in reference to the use of moist 
heat or other factors. For our purposes the 
disease may be classified as follows: (1) The 
acute stage which represents the febrile 
illness; (2) the convalescent stage which 
follows the acute illness and may be said 
in a general way to start forty-eight hours 
after the febrile illness and extend for 
approximately sixteen months and (3) the 
chronic stage. The convalescent stage may 
be subdivided into: (1) the sensitive phase 
when muscle sensitivity and spasm are 
present and (2) the asensitive phase when 
significant sensitivity and spasm have 
disappeared. 

This discussion of moist heat primarily 
will be concerned with its use during the 
latter part of the acute illness and the 
sensitive phase of the convalescent stage. 

problems presented by the disease 

Before discussing the place of moist heat 
in treatment it is well to consider some of 
the manifestations of the disease and certain 
of the objectives of treatment. In the 
paralytic phase of the acute stage and in 


the sensitive portion of the convalescent 
stage the disease tends to be especially 
crippling and deforming since the findings 
are those of a combination of flaccid 
paralysis and of sensitivity and spasm of the 
muscles. This combination tends to be 
particularly ^deforming, in that the ''para- 
lyzed muscles cannot control the part and 
the muscles which are in spasm tend to 
draw the part into deformity. Gravity often 
accentuates these bad positions. Since the 
muscles are sensitive to stretching and 
handling, the deformed positions tend to 
be maintained unless counter measures are 
taken. As time goes on these deformities 
become fixed due to secondary adaptation 
of the muscles to their shortened length. 
The longer a part is left in a fixed attitude 
the more difficult it is to get it out of this 
position. Very similar phenomena were 
demonstrated experimentally in animals by 
Ranson and Sams 1 as a fundamental neu- 
rologic mechanism occurring in conditions 
other than poliomyelitis. They proposed 
the term “hypertonic contracture” to de- 
scribe the state of muscle spasm and applied 
the term “myostatic contracture” to the 
secondary shortening of the muscles. 

Patients show great variability- in the 
degree of sensitivity and spasm, as do the 
individual muscles in the same patient. 
Certain muscle groups are more likely to 
show spasm of a significant clinical degree 
than others. Particularly is this true of the 
posterior muscles of the neck, back, thigh 
and calf and the adductor muscles of the 
arm. Those muscles which would show 
spasm as a result of meningeal irritation 
from any cause are ordinarily the first to 
show spasm in poliomyelitis. Furthermore, 
it is noteworthy that the pain and sensitivity 
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frequently do not parallel the amount of 
demonstrable spasm. Those patients with 
severe pain and sensitivity do not neces- 
sarily have more tightness of muscles than 
others. The duration of the sensitivity 
varies widely. Sometimes significant spasm 
and sensitivity are minimal after a few 
days. More often it exists for two to three 
weeks and occasionally it is present for a 
much longer period. In part at least this 
duration has a specificity for the individual 
patient. 

Although the cause of paralysis in polio- 
myelitis is well accepted the explanation of 
pain and spasm remains controversial. 
Years ago involvement of the posterior 
ganglia was considered to be a likely cause . 2 
More recently pathologic studies 3 have led 
to the proposal of an hypothesis that the 
spasm is due to involvement of the inter- 
nuncial cells in the spinal cord. Still others 4 ' 5 
have suggested that involvement of the 
reticular formation and vestibular nuclei 
in the brainstem may give rise to muscle 
spasm. 

Actually many of the phenomena in the 
general field of pain are imperfectly under- 
stood. The reaction in an individual which 
is described as pain can be elicited by 
numerous agents and conditions through a 
complex physiologic and psychologic mech- 
anism. Studies 6 of the factors involved in 
the production of pain in contracting 
skeletal muscle, particularly in angina 
pectoris and intermittent claudication, have 
suggested the presence of a chemical sub- 
stance which others 7 have concluded is 
1 elated to lactic acid produced in the 
metabolism of muscle. This presumably 
stimulates pain receptors when it reaches 
sufficient concentration. Ischemia, through 
vasoconstriction, favors the concentration of 
such a substance and vasodilatation allevi- 
ates pain by an increase in blood flow which 
‘educes the concentration. The relation 
0 pain in poliomyelitis to ischemia of the 
muscles has been proposed 8 but recent 
studies by Gucker, Green and Anderson 9 
0 t ie skin and calf muscle temperatures in 
P ar a yzed and unparalyzed extremities of 
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patients in the early stage of poliomyelitis 
have demonstrated that there is no primary 
vasoconstriction as determined by this 
method. Little evidence exists to sub- 
stantiate a chemical substance theory in 
explaining the pain and sensitivity of acute 
poliomyelitis. Clinically, the “spasm” seems 
to be, at least, very similar to so-called reflex 
muscle spasm which accompanies pain 
arising in such conditions as peritoneal irri- 
tation, inflammation of joints and fractures. 

Whatever their pathogenesis the pain, 
muscle sensitivity and spasm are significant 
factors in the disease although the prognosis 
depends essentially upon the degree and 
distribution of the paralysis. If there is no 
detectable paralysis, the spasm and sensi- 
tiveness are of little consequence except 
to make the patient more or less comfort- 
able. However, sensitivity and spasm in a 
patient who has paralysis contribute to 
deformity, impair muscle function during 
the sensitive stage and upset reciprocal 
innervation. Deformities not only disturb 
function through mechanical abnormality 
but inhibit the recovery and function of 
muscles which are maintained in the 
stretched position. Furthermore, in the 
growing child deformities once established 
are often progressive. 

It is not within the scope of this article to 
discuss the general problem of therapy in 
poliomyelitis. It is our purpose to consider 
only those aspects which are related to the 
use of moist heat. Some of the objectives of 
therapy are the relief of pain, prevention 
and correction of deformities and develop- 
ment of full ranges of motion as early as 
this can be done comfortably. It is in this 
sphere that the use of moist heat seems to 
be helpful since there is no evidence that 
its use affects the degree of paralysis. 

PHYSIOLOGIC ACTION OF MOIST HEAT 

The soothing effect of heat upon pain 
from various causes is well known. In a 
painful joint with muscle spasm heat is of 
assistance in relieving the pain, reducing 
spasm and promoting motion. The exact 
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mechanism by which heat accomplishes 
this is not certain. 

According to Krusen, 10 extremely hot or 
cold water increases the sensitivity of 
cutaneous nerve endings whereas pro- 
longed warm or cool baths diminish sensi- 
bility and relieve pain. A warm bath is more 
effective and acts as a depressant. Bazett 11 
states that the superficial capillaries, venules 
and arterioles dilate in response to heat, 
resulting in an increase in the rate of blood 
flow which intensifies the thermal con- 
ductivity of the tissues. This increased 
circulation tends to distribute the heat 
throughout the body thus hindering a rise 
in the local temperature. Significant heating 
of the deeper tissues occurs in the specific 
area to which the heat is applied. Applica- 
tion of local heat elevates the temperature 
of the muscle to a very considerable degree. 12 
One of us (T. G.) has shown that this is 
accomplished whether hot packs, luminous 
heat or tubs are used. With hot packs, the 
rise in skin temperature is abrupt whereas 
with luminous heat it is more gradual. 
Comparable increases in the deep muscle 
temperature occur, however, by both 
methods. 

If a pack at a temperature as high as can 
be comfortably tolerated is applied to the 
lower leg of a patient in a room of ordinary 
temperature, there is usually a rise of 6 to 
10°f. in the gastrocnemius, with 98 or 
99°f. being the average temperature of the 
muscle. Furthermore, after the pack is 
removed and the bed clothes are replaced 
the muscle maintains this elevation and its 
increased circulation for some period. There 
is little drop during the first hour and only 
a small amount at the end of two hours. 
After three hours the temperature of the 
muscle approaches the temperature which 
existed prior to the application of heat. 13 
Barcroft and Edholm 14 have correlated 
changes in muscle temperature with the 
blood flow in the forearm of normal subjects. 
They found that the flow is almost doubled 
when muscle temperatures are elevated 
from 89.6 to 95°f. This was a usual initial 
response. Furthermore, these observers have 


brought forth good evidence that the in- 
creased blood flow occurs equally in muscle 
and skin under these conditions. 16 It is 
known that the application of local heat 
does raise the temperature of the muscles 
and increases its blood flow. Whether these 
actions alone account for the greater part 
of the effect of the local heat is not certain. 
At any rate it is a fairly general observation 
that locally applied moist heat is helpful 
in relieving pain in poliomyelitis and its use 
in various forms preliminary to physical 
therapy seems to aid in developing ranges 
of motion and in correcting, deforming 
attitudes. Watkins, 16 however, u using the 
total voltage of electrical potentials con- 
tributed by a particular muscle during a 
standardized stretching period as an index 
of spasm, concluded that a twenty-minute 
application of the Kenny type of hot pack 
was without significant effect as evaluated 
by this method. This technic, however, does 
not necessarily represent an evaluation of 
the clinical manifestation of spasm. Certain 
others 17 observing a limited number of 
patients concluded that hot foments have 
no clearcut effect in aiding the return of 
normal ranges of motion. Heat does, how- 
ever, seem to reduce the irritability and 
properly used has come to occupy a 
respected place in therapy. 

METHODS OF APPLYING MOIST HEAT 

Hot Packs. The first specific reference to 
hot packs with which we are familiar was 
made by Bradford, Lovett, Brackett, Thorn- 
dike, Soutter and Osgood 18 in 1909. They 
stated that, “The application of heat, 
either as warm, moist or dry packs . . . 
will often be found to relieve pain.” Sub- 
sequently, Legg 19 and others included hot 
packs as an adjunct to relieve the sensitive- 
ness and to facilitate the performance of 
muscle re-education and the maintenance 
of full joint mobility. 

Numerous types of foments have been 
advocated. Many have placed great em- 
phasis upon the details of their application 
and certain routines have been recom- 
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mended which involve frequent intensive 
packing for each patient and require 
extensive personnel. Two general types of 
packs are in current use: one may be called 
the “wrap-around pack” and the other the 
“lay-on pack.” Since the recommendations 
of Kenny , 20 woolen cloth has come to be 
the favored material for use and it does 
have certain advantages. Both types of 
packs follow the general plan of application 
directly to the skin of the hot, wet wool from 
which the water has been well wrung. This 
pack is then covered by two additional 
layers, one of a waterproof material and the 
second of other material which is applied 
for additional insulation. 

The Kenny pack is a wrap-around type 
of pack and its preparation and use has 
been described in detail elsewhere . 20 The 
materials used in the pack are of three 
shapes, square, rectangular and triangular, 
depending upon the part to be covered. The 
inner portion, composed of two layers of 
wool flannel, is taken directly from boiling 
water, is run through a wringer twice 
and immediately wrapped about the part 
smoothly and firmly. The pack is as hot as 
the patient can tolerate. Around this inner 
pack is wrapped a layer of waterproof 
material of similar shape, a single layer of 
dry flannel and finally an outer layer of 
cotton flannel or terry cloth which is pinned 
m position. Kenny recommends that essen- 
tially all parts of the body and extremities 
should be packed except the major joints 
which should not be covered in order that 
there be no restriction of motion. This 
entails many individual packs. In the acute 
stage the packs are described as being 
renewed every hour for twelve hours per 
ay. During the convalescent stage they are 
renewed every two hours during the day 
nntil all signs of spasm and tightness have 
^appeared. This is mentioned as usually 
requiring six or eight weeks but may con- 
tmue for many months. If the spasm is 
swere, and on special indications, the packs 

nigl't more frequently and at 

Such application of packs makes a tre- 
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mendous demand upon personnel. In prac- 
tice many modifications of this technic have 
evolved. These variables include methods 
of applying the packs, the frequency with 
which they are applied and the areas which 
are covered. 

The lay-on type of pack is more simple 
and rapid in its application. As its name 
implies it is laid in position over the part. 
It is more frequently used with the patient 
in the prone position to cover the neck, 
back, shoulder girdle, buttocks, thighs and 
calves although this type may be used in 
any area. For the packing in a prone posi- 
tion usually one pack rectangular in shape 
is used to cover the trunk from the occiput 
to the gluteal fold, and two other rectan- 
gular packs are applied to each lower 
extremity extending from the buttocks to 
include the heel and foot. Usually they are 
applied only to those areas which are most 
sensitive. 

Circumstances and the availability of 
equipment and materials often determine 
the type and method of applying hot 
foments. For specific details and means of 
improvising equipment the reader is referred 
to two summaries of nursing care for polio- 
myelitis patients . 21,22 Commercial machines 
which deliver the packs heated and of the 
desired water content are available and 
simplify their application. 

In our experience Munsingwear in four 
thicknesses has been found to be a very 
satisfactory and economical material for the 
inner portion of the pack. Koroseal has 
proven to be a serviceable water-proof 
material and a covering layer of wool cloth 
is used for additional insulation. The four 
thicknesses of Munsingwear constituting 
the inner layer are stitched together around 
their edges and diagonally. The Koroseal 
and outer wool covering are sewn together 
along their edges. Thus the application is 
simplified by having what amounts to two 
layers to apply rather than three or four. 

Hot packs should be used for specific 
purposes. They may well be omitted in a 
patient with little sensitivity or spasm and 
they should be employed only in those areas 
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Fig. 1 . “Lay-on” type of pack as used in the prone position. The hot inner pack is in place; the outer water-proof 
and insulating layer is about to be carried up over the trunk. Note that the pack is carefully tucked under and about 
parts. 


in which sufficient sensitivity exists to 
indicate their use. In practice the lay-on 
packs are adequate for most patients. When 
patients are in a prone position, such packs 
can be applied to cover the greater part of 
the body with direct application to the areas 
which often are most sensitive. If the pack 
is carefully tucked around under the 
shoulders, trunk, hips and around the sides 
of the thigh and legs, a greater part of the 
surface is covered. In very sensitive patients 
the lay-on rather than the wrap-around 
pack is almost a necessity in order not to 
cause the patient more discomfort by the 
additional handling necessary to their 
application. (Fig. 1.) 

In general, continuous packing is not 
recommended. It tends to be debilitating 
and we do not believe it has any particular 
advantage. If such packing is performed, 
adequate fluid intake and urinary output 
must be maintained. During the febrile 


period additional sodium chloride should 
be given. 

The technic which we usually follow is 
that of using the lay-on pack over a period 
of approximately thirty minutes. The pack- 
ing is repeated once during this time. As 
a rule three or four packing periods of 
thirty minutes each, distributed at four- to 
six-hourly intervals during the day and 
evening suffice. Often only two or three 
packs are used and then only to areas 
where they are indicated. Night packs 
should be used if the patient is awake and 
uncomfortable but never should he be 
awakened for their application. Packs sel- 
dom need repetition within three hours. As 
Gucker has shown the temperature of the 
muscle is raised very definitely by a twenty- 
minute pack and this elevated temperature 
is maintained for two to three hours. 
Occasionally more frequent selective pack- 
ing of an area may be used if there is spasm 
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of the intercostal muscles and accompany- 
ing respiratory embarrassment. When the 
sensitivity is extensive, the wrap-around 
packs may be used in particular areas. If it 
is concluded that packs are indicated, the 
areas which are covered and the frequency 
with which the packs are employed should 
be geared to the individual patient. Obser- 
vation of his subjective and objective 
reactions to the packs are of assistance in 
decisions regarding their use. 

Hot packs have particular value pre- 
liminary to physiotherapeutic measures. 
The heat tends to relax tight structures and 
allows greater - ranges of motion to be 
developed without provoking pain. As soon 
as the acute illness is over gentle passive 
motion to correct deforming tendencies and 
to increase range of motion should be em- 
ployed after use of the packs. Ordinarily 
physical therapy should immediately follow 
the packs or at least it should be carried out 
within one hour after they are removed in 
order to take advantage of the increased 
relaxation and circulation. Preliminary 
heating, furthermore, seems to facilitate 
active exercises especially during the sensi- 
tive and early asensitive portions of the 
convalescent stage. It is our custom to 
provide physical therapy twice daily in 
addition to careful changing of positions 
by the nursing staff. 

Some patients do not tolerate hot packs 
well and if they do not seem to be of value 
they should be discontinued. Particularly 
when they are first given, the packs should 
never be so hot as to cause discomfort. 
Occasionally the skin is irritated by the 
wool. Such patients generally tolerate heat 
given by immersion in a warm bath or tub, 
especially if the water temperature is raised 
gradually rather than being too hot at the 
start. No magical effect upon the disease 
Piocess arises from the use of hot packs. 
Other measures are more important in the 
ca re of patients with poliomyelitis but 
inoist heat is helpful in arriving at certain 

objectives. 23 ' 24 

h orm Baths. Heine 25 in 1840 first com- 
mented on the use of warm and steam baths 
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Fig. 2. The Hubbard tub. The patient is transferred 
to the tub without eliciting pain. The water is 
usually between 98 and 101 °f. The warm bath 
relieves pain, allays muscle sensitivity and spasm and 
permits ranges of motion and other desired maneu- 
vers to be accomplished more freely and with less 
discomfort. 

in the treatment of poliomyelitis. Subse- 
quently, Wickman, 26 Lovett, 27 Lowman 28,29 
and Legg 30 described the use of baths and 
underwater therapy for the disease’s various 
stages. Since 1928 the tub developed by 
Mr. Carl Hubbard has been used exten- 
sively. 31 This tub is particularly shaped to 
facilitate handling of the patients during 
their period of exercise. (Fig. 2.) 

The warm bath is an excellent way to 
apply moist heat. It may be employed as 
soon as the acute illness is over providing 
that the facilities and technics for handling 
the patient are such that he can be placed 
in the tub without provoking pain or 
trauma. In many places use of the bath is 
deferred until two weeks after the onset, 
which is a common period for quarantine. 
The water should not be uncomfortably 
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hot and ordinarily should be somewhere 
between 98 and 101 °f. Occasionally water 
of slightly higher temperatures up to 104 °f. 
is not uncomfortable for certain individuals. 
The patient ordinarily should not be 
left in the tub for longer than twenty 
minutes in order to avoid enervating effects. 
A longer or a shorter time may be appro- 
priate for the individual patient. 

The warm bath soothes pain and sensi- 
tivity and relaxes the muscles. Exercises are 
performed while the patient is in the tub. 
The relaxing effect on the tight muscles 
allows a greater range of comfortable 
motion. The parts are gently carried out 
of deforming attitudes and ranges of motion 
can be developed more comfortably and 
easily. In addition, the buoyancy of the 
water and the warmth permit the weakened 
muscles to perform more effectively. In 
motion of large parts the therapist can more 
easily control the movements. Frequently 
the bath is employed once a day and hot 
packs are given to particular areas at other 
times. The bath is especially indicated in 
patients who have extensive involvement. 
It is not within the province of this discus- 
sion to consider the general field of under- 
water exercises. 

SUMMARY 

The value of the hot pack has been 
exaggerated by many. Use of moist heat is 
a helpful adjunct in therapy but many other 
features of treatment are more important. 
There is no evidence that extensive, con- 
tinuous packing should be practiced in 
poliomyelitis. Moderate use of packs seems 
to be helpful. Local heat applied for twenty 
minutes does raise the temperature of 
subjacent muscles to a significant degree 
for a period of two to three hours. Hot 
packs and baths tend to relieve pain, assist 
in making patients more comfortable and 
promote relaxation of tight muscles. Their 
use is particularly valuable immediately 
preceding physiotherapeutic measures which 
are designed to correct deforming tendencies 
and increase ranges of motion. Moist heat 
of itself will not accomplish these objectives. 


The hot bath, particularly as it can be given 
in the Hubbard tub, is to be commended. 
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Bulbar Poliomyelitis" 

Its Mechanism and Treatment 

A. B. Baker, m.d. 
Minneapolis, M innesota 


I N spite of extensive studies on polio- 
myelitis, particularly during the past 
few years, very few publications have 
been devoted exclusively to the subject of 
the bulbar involvement in this disease. It 
is this latter form of the illness, however, 
that produces most of the fatalities and 
normally should warrant the attention and 
energetic investigation of the profession. 
For years there seems to have developed a 
fatalistic attitude regarding bulbar polio- 
myelitis — an attitude that is an admission 
of lack of understanding of the underlying 
mechanisms producing the various clinical 
manifestations and inability to cope with 
them. Recent advances in the fields of 
neuroanatomy, neuropathology and neuro- 
physiology make it both possible and ad- 
visable to re-examine the problem of the 
cause of death in bulbar poliomyelitis in 
the light of this new knowledge, with 
further efforts being directed at more 
intelligently combating this disease. 

One of the chief difficulties in studying 
this illness in detail has been the infrequency 
with which a large number of critically ill 
patients have been available to the same 
investigator within a relatively short period 
of time. During the 1946 epidemic in 
Minnesota such an opportunity became 
available to us. Within a four-month period 
183 cases of bulbar poliomyelitis were 
admitted to the University Hospital alone. 
This large number of cases afforded us 
an opportunity of viewing this illness in all 
its clinical manifestations. It also offered 
an opportunity to study the effectiveness of 
various therapies and to investigate the 
pathologic physiology of this disease. 


Generally, bulbar poliomyelitis has been 
considered clinically as a single disease 
entity in spite of a most diverse and wide- 
spread symptomatology. This attitude has 
retarded our progress and understanding 
of this illness. From our studies it is appar- 
ent that adequately to understand and treat 
this illness, it must be broken down into 
different groups, each with a predominant 
pathology and symptomatology. It must be 
emphasized that the various groups do 
merge into each other and rarely occur in 
pure form; however, such a classification 
does make for a more rational and intelli- 
gent approach to this illness. 

GROUP i: CRANIAL NERVE INVOLVEMENT 

In this group both the clinical symptoms 
and the pathologic lesions are limited to 
the nuclei of the cranial nerves. The brain- 
stem reveals a mild inflammatory reaction 
consisting of both diffuse and perivascular 
mononuclears intermixed with numerous 
polymorphonuclears. The nerve cells show 
a patchy swelling and chromatolysis. The 
degree of neuronal damage is most variable 
from case to case, in some being very mild 
while in others destroying complete cell 
groups. 

The clinical manifestations are generally 
correlated with the cranial nerve damage. 
Isolated ocular palsies such as ptosis and 
squints, total external ophthalmoplegias 
as well as pupillary disturbances may occur 
due to partial or complete involvement of 
the third nerve nuclei. Such ocular mani- 
festations were not common in the patients 
at the University Hospital; they occurred 
in but 11 per cent. Disturbances of mastica- 
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tion result from damage to the motor 
division of the fifth cranial nerve. Such 
palsies may be unilateral or bilateral and 
may implicate part or all of the muscles 
supplied by the fifth nerve. In unilateral 
lesions the jaw may deviate spontaneously 
when the patient opens his mouth, while 
at times the action of the pterygoid muscles 
must be tested by sideward deviation of the 
jaw against resistance. In isolated cases 
the patient may develop an acute severe 
trismus due to irritation of the fifth nerve 
nucleus. This may be a serious complication 
since inability to open the mouth prevents 
adequate removal of the secretions and 
may result in obstruction of the airway. 
We have observed this unusual complica- 
tion in three patients. In such cases im- 
mediate tracheotomy is often necessary to 
prevent airway obstruction by secretions. 

Paralysis or paresis of the facial nerve is 
observed fairly frequently in bulbar polio- 
myelitis and occurred in 53 per cent of our 
patients. In some cases the whole distribu- 
tion of the facial nerve is involved; in others 
only one branch may be involved, such as 
that which supplies the cheek, the forehead 
or the lips; finally in still others the involve- 
ment is patchy, implicating one group of 
facial muscles on one side of the face and 
another set on the opposite side. 

Bilateral deafness and vestibular dis- 
turbances may occur. Nystagmus was ob- 
served in several of our patients. 

Involvement of these upper cranial nerve 
nuclei generally holds no threat to the life 
°f the patient may be annoying and may 
result in residuals which can produce 
definite handicaps. They are of importance 
nevertheless because they should make the 
P fisician alert to the possibility of implica- 
tion of more vital centers. 

By far the most frequent cranial nerve 
'nvolved in bulbar poliomyelitis is the 
tenth. These patients develop a weakness 
or paralysis of the soft palate, the pharynx 
nn vocal cords. Their initial complaint 
0 ten is a nasal twang to the voice, hoarse- 
ness = Increased accumulation of secretions 
,n t ie oropharynx or difficulty in swallow- 
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ing. On examination there is generally 
pooling of saliva in the throat, the patient 
being unable to handle his secretions by 
swallowing. The speech has a nasal quality 
and may be hoarse from faulty innervation 
of the vocal cords. An occasional patient is 
unable to talk. Laryngeal stridor may be 
present. Weakness of the tongue may be 
bilateral or unilateral and may impair 
movement of food through the mouth and 
impede expectoration of saliva. 

Considerable importance must be placed 
on lesions of the tenth cranial nerve because 
this nerve in conjunction with the eleventh 
and twelfth is essential for consummation 
of the act of swallowing. With inability to 
swallow there is the constant tendency 
toward pooling of saliva and food in the 
pharynx. This accumulation produces ob- 
struction to the airway. A further threat to 
the airway results from the aspiration of 
fluid into the larynx or from reflex spasm 
of the glottis. 

Interference with the airway should be 
combated by postural drainage and/or 
suction. However, in our experience it 
frequently has proved impossible to main- 
tain an open airway by such measures even 
when constant suction is applied. When 
such procedures fail, tracheotomy should 
be resorted to immediately. Maintaining an 
unobstructed airway is of extreme impor- 
tance in the care of these patients since any 
period of hypoxia, whether acute or chronic, 
can do irreparable damage to nerve cells 
already injured by the inflammatory process. 
Early evidence of such hypoxia generally 
consists of restlessness, apprehension, sleep- 
lessness and increasing pulse rate and 
respiratory effort. The appearance of these 
latter symptoms in patients with lower 
cranial nerve involvement should immedi- 
ately stimulate one to investigate those 
factors that might produce obstruction: 
(1) pooling of secretions due to paretic 
throat muscles; (2) paralysis of the tongue; 
(3) obstructed airway due to reflex spasm 
of laryngeal musculature; (4) obstructed 
airway due to abductor paralysis of the 
vocal cords; (5) accumulation of secretions 
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due to inability to cough; (6) aspiration of 
vomitus. 

The appearance of laryngeal stridor, 
dyspnea (despite adequate chest excursion), 
cyanosis and severe encephalitic symptoms 
indicates that the obstruction to the airway 
has not been remedied and that severe 
hypoxia has now developed. Such symp- 
toms warrant emergency measures to clear 
the airway. It must be remembered that in 
patients with partial or complete obstruc- 
tion of the airway there are strong inspira- 
tory efforts in an attempt to overcome 
hypoxia. These inspiratory efforts in the 
face of an obstruction produce a relatively 
high negative pressure in the bronchioles 
and alveoli. This negative pressure sucks 
fluid, plasma and even red cells out of the 
pulmonary capillaries into the alveoli, 
producing acute pulmonary edema and 
death. 

If the airway cannot be maintained unob- 
structed by postural drainage and/or suc- 
tion, one may have to resort to tracheotomy 
in selected cases. After tracheotomy patients 
with bulbar poliomyelitis still require con- 
stant care and supervision. It is necessary 
to continue to aspirate the accumulation of 
fluids in the pharynx, particularly during 
the first few days following the tracheotomy . 
The tracheal cannula must be inspected 
and cleared frequently. Generally, the 
tracheal secretions become very viscid and 
unless the inspired air is adequately humidi- 
fied, they are very difficult to remove. In 
order to humidify the inspired air and at the 
same time deliver a measured amount of 
moistened air and oxygen mixture directly 
through the tracheotomy tube, an appa- 
ratus called the tracheotomy inhalator has 
been used by us. 1 This inhalator is so 
constructed that expiratory and inspiratory 
pressure can be controlled independently 
as the emergency demands. This inhalator 
has the added advantage of permitting 
the delivery of oxygen mixtures of various 
percentage concentrations under optimal 
pounds of pressure. Patients are generally 
given about 50 per cent oxygen concentra- 
tion in the inhalation mixture. In all cases 


oximetry should be employed in order to 
determine the effectiveness of oxygen ther- 
apy. The oximeter is an instrument which 
determines the relative concentration of 
oxyhemoglobin to reduced hemoglobin by 
means of a photo-electric cell. This instru- 
ment is of great aid in establishing the 
efficiency of measures taken to promote 
adequate oxygenation of the patient in the 
presence of hypoxia or impending hypoxia. 

In spite of tracheotomy' and^apparent 
adequate drainage, it has been found 
advisable to rotate the patient constantly 
in order to avoid pulmonary hypostasis. 
This procedure proves most satisfactory 
providing the patient is rotated at least 
30 degrees or more every hour. If the patient 
is not in a respirator, the rotation should 
be more complete, extending to the maxi- 
mum of 90 degrees. Such a procedure has 
enabled us to keep the lungs clear in many 
patients in whom pulmonary edema was 
already developing and has greatly re- 
duced the incidence of our pulmonary 
complications. 

In 100 patients with bulbar symptoms 
limited to the cranial nerves there were 
five deaths, four of which occurred before 
an adequate airway could be secured. 

GROUP XI : RESPIRATORY CENTER 
INVOLVEMENT 

Many individuals with bulbar polio- 
myelitis have symptoms and findings indi- 
cating involvement of the respiratory center 
in the medulla in addition to varying 
degrees of pareses of the cranial nerves. 
Pathologically, they show in the medulla 
at the level of the inferior olive, a most 
extensive bilateral focal necrosis involving 
the lateral ventral reticular substance. In 
most cases these lesions consist of areas of 
inflammatory necrosis, with a fragmenta- 
tion of the underlying tissues. These in- 
flammatory areas could well be produced 
by the virus of poliomyelitis. On the other 
hand, certain of the necrotic areas are 
filled with fat granule cells and show no 
evidence of an actual inflammatory process. 
It is suspected that the etiology of these 
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latter lesions may well be due to a second- 
ary hypoxia resulting from the respiratory 
difficulties. Generally the cranial nerve 
nuclei in the involved areas reveal only 
minimal changes. Even the nucleus am- 
biguus, which is situated adjacent to these 
areas of inflammatory necrosis, is sur- 
prisingly free of alterations. 

Clinically, the outstanding symptoms are 
respiratory and correlate with the involve- 
ment of the respiratory center in the 
medulla. During the course of illness 
irregularities of rhythm and depth of 
respiration develop. These respiratory symp- 
toms appear in the face of an adequate 
airway and intact respiratory musculature. 
The respirations tend to be shallow and 
there are often prolonged intervals between 
inspirations. At this point the patients 
generally show some degree of anxiety, 
restlessness, increase in pulse rate and some 
elevation of blood pressure. These symp- 
toms indicate an early hypoxia even though 
there may be no clinical cyanosis. Such 
impending failure of the central respiratory 
mechanism makes it imperative that oxygen 
therapy be instituted. If oxygen therapy 
has already been started it is advisable to 
increase the concentration of oxygen being 
administered. The effectiveness of the oxy- 
genation can generally be followed by the 
use of the oximeter and checked by de- 
terminations of the arterial oxygen. 

As failure of the respiratory center in the 
medulla progresses, there are increasing 
periods of apnea with beginning Cheyne- 
tokes respiration. The temperature and 
pulse rate tend upward and the blood 
pressure may be elevated or may fall to 
s lock levels. Confusion, delirium and coma 
soori a PPcar. The periods of apnea become 
11101 e P r °longed until finally respirations 
c case. These latter symptoms require im- 
, niC latc Intensification of oxygen therapy; 
low ever, the concentration of oxygen used 
mud ordinarily not exceed 60 per cent. 
lOfl Cmcr § enc * es it may be increased to 
Seri ^- Cr Cent ^ or a l‘ m lted period of time, 
thi 3tl0n an ^ sort should be avoided in 
group of patients or should be used 
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with extreme caution because of the de- 
pressant effect on an already damaged 
respiratory center. 

group hi: vasomotor involvement 

A few patients will show severe circula- 
tory collapse with minimal or no cranial 
nerve palsy and no respiratory involvement. 
In such cases one is often forced to make a 
diagnosis of bulbar poliomyelitis in spite 
of apparently normal function of the 
cranial nerves. It' is this type of involvement 
that may frequently be overlooked and the 
diagnosis not made. When the symptoms of 
bulbar poliomyelitis indicate circulatory 
involvement, the prognosis generally is 
extremely grave. The clinical features in 
this type of bulbar poliomyelitis are very 
characteristic. These patients have a dusky 
red, flushed, florid appearance. The lips 
are deep cherry red. The pulse is extremely 
rapid, ranging between 150 and 200. It is 
often irregular and at times difficult to 
palpate. The blood pressure varies from 
elevated to low levels, and the pulse pressure 
may be as low as 10 mm. of mercury. In 
children the blood pressure has a greater 
tendency to become elevated. Very early 
in the illness these patients show marked 
restlessness, apprehension and anxiety, in- 
dicating early onset of a mild or moderately 
advanced hypoxia. The course in this illness 
is very rapidly downhill; the skin soon 
becomes cold, clammy and has a mottled 
cyanosis. The temperature begins to rise 
and at the same time the respirations tend 
to become shallow. Terminally, these pa- 
tients become markedly confused, finally 
comatose and the heart beat is inaudible 
before respirations cease. 

At necropsy the lungs seem to be the site 
of severe hemorrhagic pulmonary edema. 
Sections through the medulla reveal areas 
of bilateral focal necrosis which are situated 
in the medial ventral reticular substance. 
In most cases one can detect mild inflam- 
matory lesions in the medulla and many 
of the cranial nerve nuclei show a scattered 
involvement. These histologic lesions seem 
very significant in view of the experimental 
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work of Wang and Ranson 2 who were 
able to stimulate the brainstem and study 
the effect upon blood pressure in cats by 
using the Horsley-Clarke stereotactic in- 
strument. It was apparent from their work 
that there was a pressor response when the 
dorsal reticular substance of the medulla 
just beneath the floor of the fourth ventricle 
was stimulated. Depressor responses were 
more diffuse and seemed to be localized 
primarily in the ventral medial reticular 
substance of the medulla oblongata. It is 
in this latter region that we observed 
pathologic lesions in cases of bulbar polio- 
myelitis manifesting circulatory symptoms. 
It would appear, therefore, that when the 
inflammatory process in poliomyelitis in- 
volves the medial ventral reticular sub- 
stance of the medulla it destroys the 
vasomotor center and produces marked 
circulatory responses. 

The treatment of the circulatory type of 
bulbar poliomyelitis is very unsatisfactory 
at the present time. These patients tend to 
develop a very rapid pulmonary edema, 
very severe hypoxia and terminate fatally 
in a few days. The mortality rate in our 
cases was 83 per cent. It is believed at the 
present time that the best treatment con- 
sists of intensive oxygen therapy and mainte- 
nance of a clear, unobstructed airway at all 
times. Such oxygen therapy is used to 
combat the hypoxia and thus prevent the 
addition of hypoxic damage to centers 
already injured by the virus invasion. 
Supportive measures in combating the 
shock may be used but these seem to be of 
only temporary benefit. 

GROUP IV : SPINOBULBAR INVOLVEMENT 

In this group are included those cases 
in which there is combined involvement of 
both the medulla and the cervical and 
thoracic cord. These patients, therefore, in 
addition to the bulbar symptoms require 
treatment in the respirator because of the 
severe damage to the upper part of the 
spinal cord, resulting in failure of the 
diaphragm and the intercostal muscles. 


This combined involvement is discussed in 
a separate group because it results in specific 
therapeutic problems which are not en- 
countered in isolated involvement of either 
the spinal cord or the medulla. The symp- 
tomatology in these patients, in addition to 
the paralysis of the diaphragm and inter- 
costal muscles, will depend upon the region 
of the medulla involved and will manifest 
itself either in cranial nerve palsies or as 
cardiorespiratory disturbances. Because of 
the involvement of the diaphragm - and 
intercostal muscles it becomes necessary to 
place these individuals in the respirator. 
Whenever a patient with bulbar poliomyeli- 
tis is placed in a respirator, it becomes im- 
perative to insure an open airway. It must 
be kept in mind that inspiration forced by 
the respirator against a partially obstructed 
airway will create a relatively marked 
negative pressure in the alveoli, sucking 
fluid out of the pulmonary capillaries and 
producing a very acute pulmonary edema. 
These patients, therefore, must be watched 
constantly over the twenty-four-hour period 
to be sure that obstruction does not result. 
They should be suctioned constantly; and 
if it appears that the airway cannot be kept 
open by suction and/or postural drainage, 
tracheotomy must be considered. In order 
to use tracheotomy in respirator patients 
it is necessary to have available a respirator 
with the front modified so that the respirator 
head is tilted forward about 6 inches allow- 
ing for accessibility to the patient’s neck 
as far as the sternal notch. This modified 
form of respirator head is now available 
and can be obtained for the standard makes 
of respirator. The oximeter is of great value 
in these patients for indicating the efficiency 
of the therapeutic measures and determining 
how long a patient can be left out of the 
respirator. The appearance of restlessness, 
apprehension, anxiety, increasing pulse rate 
and fever indicates an incipient hypoxia, 
even in the absence of cyanosis, and should 
alert one to check the patient carefully for 
possible obstruction to the airway. 

In all cases of bulbar poliomyelitis the 
use of drugs generally is largely prophylactic 
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and supportive. Since there is a high per- 
centage of pulmonary complications in this 
disease, intramuscular injections of peni- 
cillin are often useful as a prophylactic. In 
addition, penicillin may be nebulized into 
the tracheotomy tube at regular intervals 
if tracheotomy has been performed. When 
mild anemia develops during the course of 
the illness, a transfusion of whole blood or 
plasma is often indicated. Excessive intra- 
venous administration of fluids should be 
avoided whenever possible, primarily be- 
cause of the danger of pulmonary edema. 
Sedatives of any sort should be avoided 
because of the danger of further impairing 
bulbar function in an area which is already 
functioning at a very poor level. 

In most cases of bulbar poliomyelitis 
nutrition is of the utmost importance. 
During the first few days, particularly if 
the patient is unable to swallow, it is advis- 
able to use fluids parenterally. Giving any 
fluids or food by mouth in a patient who is 
having difficulty in swallowing is extremely 
dangerous because of the possibility of 
regurgitation and obstruction of the airway. 
After the acute stage of the illness has sub- 
sided the patient may be fed by nasal tube. 
In such cases the feedings should be given 
in very small amounts and sufficient time 
allowed for absorption. One must always 
c on the alert for the possibility of regurgi- 
tation of such nasal feedings with aspiration 
°f the formula. Not infrequently in bulbar 
Poliomyelitis, the patient develops a com- 
P etc parasympathetic involvement of the 
gastrointestinal tract. They have an ex- 
ccmcly atonic stomach which will not 
propel the food into the intestinal tract. 

11S allows the food to accumulate in the 
s omach and encourages regurgitation and 
secondary aspiration. Such patients must 
‘ " a b s . fed very small amounts. This 
• °. n l f 10n can also be improved by the daily 
ajcctions of prostigmine, 0.5 mg. every 

. U ° H ours ‘ The ability of these patients to 
a ow should be tested from time to time, 
sop !nrU ?i" fr'Tds and progressing to 
' and then finally to solid food. When 
°umg is fairly well established, the 
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nasal tube can be removed; and if tracheot- 
omy has been instituted, the tracheotomy 
tube can be stoppered and later removed. 

CONCLUSIONS AND SUMMARY 

1. Bulbar poliomyelitis, both clinically 
and pathologically, is not a single entity 
but can be divided into different groups, 
depending upon the region of the medulla 
involved by the pathologic process and the 
subsequent symptomatology. 

2. By far the most frequent type of in- 
volvement is that of the cranial nerve nuclei. 
When the tenth cranial nerve is implicated, 
difficulty in swallowing and talking de- 
velops, with subsequent obstruction of the 
airway and asphyxia. These symptoms can 
be prevented by constantly keeping the 
airway open by means of suction, postural 
drainage and, when absolutely necessary, 
tracheotomy. 

3. Some cases of bulbar poliomyelitis may 
implicate the autonomic centers of the 
medulla; namely, the respiratory and the 
circulatory centers. In these cases the 
symptomatology consists of either respiratory 
or circulatory failure even in the absence 
of severe cranial nerve involvement. The 
prognosis in such cases is somewhat doubt- 
ful since involvement of the autonomic 
centers results in very rapid development 
of hypoxia. The treatment of choice at the 
present time is intensification of oxygen 
therapy either by mask, internasal oxygen 
or by tracheotomy, when indicated. 

4. When both the upper spinal cord and 
bulb are involved, the patient generally 
must be placed in a respirator. In such 
cases one must be constantly alert to main- 
tain an open airway in order to prevent 
rapid pulmonary edema due to the forced 
inspiration resulting from the use of the 
respirator. 
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Care of the After Effects of Poliomyelitis* 

Robert L. Bennett, m.d. 

Warm Springs , Georgia 


T he obvious purpose of the treatment 
of the after effects of acute anterior 
poliomyelitis is to assist the patient 
to develop the highest possible degree of 
functional capacity within the unalterable 
limits defined by the lesion in the central 
nervous system. Less obvious may be the 
realization that to achieve this goal our 
program of care must be based on the 
philosophy that the end result will depend 
not only on the damage to the central 
nervous system but on what is done with 
what is left anatomically intact and thus 
potentially available for use. Least obvious 
is the understanding that the most detailed 
and exact treatment will fall far short of 
achieving maximum functional results if 
all of the factors that determine these end 
results are not fully understood. 

There are four basic factors that deter- 
mine the end result: 

1. The Site arid Extent of Central Nervous 
System Damage. This factor is of impor- 
tance not only because it limits the number 
of neuromuscular units available for use 
but also because certain deformities of the 
skeletal system must follow certain patterns 
of damage in the nervous system. For 
example, if a large portion of the nerves 
that innervate the skeletal muscles of a 
bodily segment, such as the leg and foot, 
are destroyed, normal strength and endur- 
ance of those muscles can never be obtained 
regardless of treatment. In a child, serious 
alteration of osseous structure and growth 
may also occur despite the best of care. 

2. The General Medical Condition cf the 
Patient during the First Few Months after the 
Acute Illness. Many patients are so severely 
involved that their general medical con- 
dition prohibits application of convalescent 


routines that under more favorable cir- 
cumstances would limit the development 
of musculoskeletal deformities and faulty 
patterns of motion. For example, the 
patient who must be kept in a respirator 
cannot be cared for adequately and will 
develop changes in bone, muscle, fascia, 
joint and peri-articular structures that will 
be, in great part, irreversible regardless of 
the highest type of available treatment. 

3. The Caliber of Available Care. The 
average patient with residual weakness 
following poliomyelitis is at best a difficult 
problem in rehabilitation, requiring for 
optimal end results the combined skills 
and experiences of the internist or pedia- 
trician, the physiatrist and the orthopedist. 
Many patients with only minimal involve- 
ment who could be expected to recover 
normal functional capacity with intelligent 
care develop severe handicaps because of 
early weight bearing, unrestricted activity 
and failure of the attending physician to 
recognize mild muscle imbalance and in- 
cipient deformity. It must be stressed that 
the patient, child or adult, regardless of 
how mild the residual involvement may 
seem, must be repeatedly checked to 
determine the effect of increasing growth, 
weight and activity on skeletal structures. 
The tragedies of progressive deformity, 
such as scoliosis, can be minimized only if 
responsible periodic examinations of the 
musculoskeletal system are made for many 
years after the acute episode. 

4. The Responsibility and Intelligence of the 
Patient and for His Parents. This factor could 
be included in the third category but it is of 
such importance that it deserves special 
attention. For all practical purposes the 
general personality of the patient and his 
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parents is second only to the skill of the 
physician in assuring the maximum re- 
covery of functional capacity within the 
limits set by the pathology of the acute 
disease. It is, of course, impossible to provide 
hospital bed space for all patients through- 
out the entire period of their convalescence, 
but even if it were it would be inadvisable 
to do so. Prolonged hospitalization is to be 
avoided because of the danger of mental 
stagnation and loss of initiative and self- 
confidence. Return to normal environment 
and contact with physically normal people 
are all-important in the overall rehabilita- 
tion program. Under ideal conditions the 
patient should be hospitalized only until 
the period of rapid recovery has taken place 
and the correct patterns of movement con- 
sistent with the underlying disease have 
been established. From then on the long- 
term program to increase strength and 
endurance by graduated activity can best 
be carried out at home. In some instances 
only modified activity is necessary but in 
most a very definite routine of joint mobili- 
zation and graduated exercises must be 
carried out for many months or even years. 

While a program of care must be based 
°n a thorough understanding of the afore- 
mentioned factors that determine the possi- 
bilities of recovery, the success of the 
Program will depend on the ability of the 
medical team to achieve four objectives: (1) 
'ffective utilization of all intact neuro- 
muscular units. (2) Prevention or mini- 
mizing of all musculoskeletal deformities 
hat would limit the most effective use of 
hese units. (3) Training of patient and 
paicnts in their responsibilities within the 
Program. (4) Intelligent acceptance by the 
Patient and his family of his ultimate 
Physical limitations. 

t l ^ 0rc specifically, a program to achieve 
^ icse objectives must progress through 

in'th < ^ St * nct ste P s that may be outlined 
in if- rnanner illustrated in the accompany- 

diagram. 

coJvt ^ r$t Ste P ma y at fi rst thought be 
p r S '_ ere fi unnecessary in a convalescent 

fpam but is included to emphasize that 
“ AY . 1949 


certain convalescent routines may actually 
endanger the patient 5 s life if initiated too 
early in the acute or subacute phase or at 
any phase if carried out without regard for 
the patient’s general medical condition. 

The second step in our treatment pro- 
gram is the attempt to prepare the patient 
for resumption of activity. In a great 
majority of cases this will mean, first, 
preparation for long and tedious weeks of 
muscle re-education. It is at this point that 
a program of convalescent care really 
begins. The three major points in the 
preparation of any patient for resumption of 
activity are: (1) relief of pain; (2) release of 
any tightness in the muscles and joints; 
(3) support any bodily segment that is 
weakened. 

It should readily be appreciated that 
coordinated action of muscle groups acting 
on any bodily segment is impossible if 
motion of that segment is limited by pain 
or by limitation of joint motion. Until this 
is done we can never fully regain the 
maximum use of existing myoneural units 
in any bodily segment. Relief of pain and 
the release of tightness are accomplished by 
time plus the use of intelligently prescribed 
sedatives, heat and passive motion. As in 
the use of all therapeutic agents the type 
and frequency of application of heat and 
motion depend on the reaction of the 
patient. There is no magical formula to 
achieve this end by any phase of physical 
medicine except through the intelligence 
and responsibility of the attending medical 
personnel. It is equally important in this 
step that we begin our endeavor to prevent 
musculoskeletal deformities. Deformities, 
except for atrophy and weakness following 
actual denervation, have just one. cause: 
persistent faulty alinement of bodily seg- 
ments which results in distortion of bones 
and joints and fibrous contractures of 
muscular and ligamentous tissue. In this 
early convalescent stage of poliomyelitis 
such malalinement results from persistent 
faulty posture in bed caused by such factors 
as pain, muscle weakness, faulty beds or the 
weight of bed clothes on weakened ex- 
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tremities. Therefore, it is of importance 
not only to preserve normal bodily me- 
chanics and alinement by the early restor- 
ation of mobility in muscle and joint as just 
mentioned but also to prevent this persistent 
faulty posture by the most effective method 


been restored. It is a continued source of 
amazement and gratification to see the 
extent of functional capacity that can be 
developed by patients with very little 
muscle power but highly developed co- 
ordination. It must be stressed that co- 
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possible. An effective support is not only 
one which holds the segments in proper 
position but also one which in no way 
interferes with the other components of 
early care. It should be quite evident that 
the type of support will depend on the 
quality of available medical supervision. 
Assuming adequate medical supervision is 
not available, a bivalved plaster cast may 
be more effective than pillows or sand bags. 
Under intelligent supervision an orthopedic 
bed, foot board, properly placed pillows 
and possibly a light plastic wrist and thumb 
splint are all the actual equipment needed 
to prevent deformities at this time. 

The third step is to coordinate and 
strengthen the existing neuromuscular units. 
Certainly this step is the most important 
and probably the most difficult one in the 
entire program. It is in this step that we 
have made our greatest strides in the treat- 
ment of poliomyelitis during the past ten 
years — not because any outstanding dis- 
coveries have been made in functional 
anatomy or bodily mechanics but primarily 
because physical medicine has been given 
an opportunity to use its skill on bodily 
segments properly prepared for muscle 
re-education. It is obvious that the suc- 
cess of this step is absolutely dependent on 
the thoroughness with which the painless 
and complete mobility of the segment has 


ordination and power are not the same. 
Power without coordination may be disas- 
trous to the patient recovering from polio- 
myelitis because experience has taught us 
that all muscles in the involved segments 
do not recover with the same speed. If, as 
each of these individual muscles come under 
voluntary control, no attempt is made to 
coordinate their use, faulty habit patterns 
of motion will be built up by the patient 
with the use of these stronger and more 
easily available groups to the total exclusion 
of the weaker and thus less available 
groups. The development of a truly high 
degree of coordination in the patient with 
moderate to severe involvement demands 
the attention of a highly skilled physical 
therapist. No athlete ever needed a coach 
as badly as these patients need a physical 
therapist. 

It is of the greatest importance to recog- 
nize that during this phase of our program 
all of our routines are based on the hope 
that sufficient return of muscular strength 
will occur to permit normal activity in a 
perfectly normal manner. It is for this 
reason that normal patterns of movement 
are stressed until adequate treatment given 
over a reasonable length of time has re- 
vealed the extent of damage to the nervous 
system and the limits of recovery possible. 

How long should we persist in our en- 
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dcavor to build up the strength of indi- 
vidual muscles by this intensive muscle 
re-education? The answer can best be 
summarized in Figure 1 . 

Experience has taught us that the re- 
covery of strength in individual muscles or 
muscle groups follows a fairly definite curve 
or pattern. The end of the third month 
following the. acute onset of weakness, a 
muscle receiving adequate and intelligent 
treatment has recovered approximately 60 
per cent of the total strength that it will 
ever recover if treated for an indefinite 
period of time. During the second three 
months an additional 20 per cent returns 
for a total of 80 per cent return at the end 
of the first six months of adequate treat- 
ment. After this the recovery rate becomes 
increasingly slower so that by the end of 
eighteen months of treatment it can be 
reasonably assured that no further increase 
in individual muscle strength can be 
expected. By applying this recovery rate 
curve to specific cases it will be seen that a 
muscle rating of “poor minus” (10 per cent 
of normal) at the end of a six-month period 
of treatment can be expected to gain only 
an additional 20 per cent of that rating or a 
total of 12 per cent strength even if treated 
for a year longer. Obviously 12 per cent of 
normal strength would mean little or 
nothing in actual functional value and there 
would be no justification in treating such 
a muscle beyond the initial six months time. 
On the other hand, if a muscle rated “fair 
plus, 5 or 60 per cent of normal, at the end 
°f the first six months, the possibility of 
ultimately gaining an additional 20 per cent 
of that rating (72 per cent of normal) would 
e We H worth working for, particularly if 
* ds muscle was one of the important 
"eight-bearing groups. 

During this phase the single muscle or 
™” scle §Toup is the unit of treatment. 

yiously an accurate grading of these 
units in the involved segments is essential 
0 * lc success of muscle re-education. No 
oiuscle test is adequate unless individual 
uuiscles and not movements are tested. At 
le Geor gia Warm Springs Foundation 
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detailed test sheets are employed to record 
the strength of these individual muscles. 
Test sheets that mix muscles and movements 
brought about by many muscles are to be 
condemned. 

Apparatus may be necessary to assist the 



Fig. 1 . The usual rate of recovery of individual muscle 
or muscle group strength under an adequate program of 
care. Abscissa, time in months; ordinate, per cent 
recovery. 

normal actions of muscles at this time and 
should be considered a part of the treatment 
not an admission of defeat. They are applied 
to allow a more complete return of strength 
in the full hope that as strength returns they 
may be discarded. 

The fourth step is increasing the actual 
functional activity of the patient. By the 
time this step is reached we should be able 
to determine with a fair degree of accuracy 
the extent of further improvement that is 
possible in the individual patient. Cer- 
tainly, it will be known by then whether a 
patient will be able to return to a normal 
environment and carry on normal activities 
with normal patterns of motion. It will also 
be fairly obvious at this time whether it will 
be necessary to add some type ol supportive 
or assistive apparatus to maintain this 
activity when the patient returns home. It 
is during this step that specific functional 
tests are given the patients to determine 
their ability to carry out certain activities 
that are required of them in a normal 
environment. When existing muscle strength 
and coordination permits, all of these 
activities are carried out in a normal man- 
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No. 


MUSCLE TEST SHEET, 
Name 


Cannot Walk Walks Unaided 


GEORGIA WARM SPRINGS FOUNDATION 
Date of Birth Diagnosis 

Age Date of Onset 

With Braces Left Right Crutches Canes Corset 


Weight 


Date 


Date 


Date 


Date 


Characteristic Gait 


Date 


Date 


Left 


Anterior 

Lateral 

Posterior 

Upper 

Middle 

Lower 


Upper 
Middle 
Lower 
Ex. oblique 
Internal oblique 


Trunk and Legs 

S.C.M. 

Neck 


Respiration 

Back 


Quadratus lumborum 
Anterior abdominals 


Right Left Trunk and Legs Right 


Anterior 

Lateral 

Posterior 

Upper 

Middle 

Lower 


Inner 

Outer 


Transversalis 
Gluteus maximus 
Ilio psoas 
Sartorius 

Tensor fasciae latae 
Hip abductors 
Hip adductors 
Inward rotators 
Outward rotators 
Quadriceps 

Hamstrings 


Upper 
Middle 
Lower 
Ex. oblique 
Internal oblique 


Inner 

Outer 


Gastrocnemius 
Anterior tibial 
Posterior tibial 
Peroneals 

Extensor longus digitorum 
Extensor brevis digitorum 
Extensor proprius hallucis 
Flexor longus digitorum 
Flexor brevis digitorum 
Flexor lumbricales 
Flexor longus hallucis 
Flexor brevis hallucis 
Measurements 

Inspiration Chest Inspiration 

Expiration “ Expiration 

Calf 
Thigh 
Length 

Contractures and Deformities 
Hip 

Knee 

Ankle 


Anterior 

Middle 

Posterior 

Upper 


Scoliosis 

Deltoid 

<C 

(( 

Trapezius 


Anterior 

Middle 

Posterior 

Upper 


Middle 

Lower 


Middle 

Lower 


Clavicular 

Sternal 


Clavicular 

Sterna] 


Serratus magnus 
Rhomboids 
Latissimus dorsi 
Pectoralis major 

li ti 

Outward rotators 
Inward rotators 
Biceps 

Brachioradialis 

Triceps 

Supinator brevis 
Pronators 

Ulnar Wrist flexors Ulnar 

Palmaris longus “ “ Palmaris longus 

Radial “ “ Radial 

Ulnar Wrist extensors Ulnar 

Radial “ “ Radial 

1 Profundus Finger flexors Profundus 1 


2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 
1 
2 

3 

4 

1 

2 


Sublimis 


Sublimis 


Finger extensors 


Lumbricales 


Dorsal interossei 


Abductor minimi digiti 
Palmar interossei 


Abductor longus pollicis 
Abductor brevis pollicis 
Adductor pollicis 
Flexor longus pollicis 
Flexor brevis pollicis 
Opponens pollicis 
Extensor longus pollicis 
Extensor brevis pollicis 
Contractures and Deformities 
Shoulder 

Elbow 

Wrist 

Fingers 
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ner. If it is obvious that the damage to the 
motor system of the central nervous system 
is such that normal patterns of motion can 
never be achieved, the patient is given the 
necessary apparatus to support the activity 
and taught the most effective ways of using 
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crutch or corset whatsoever. Another pa- 
tient might be able to achieve the same 
activity but only by using a long leg walking 
brace. Another patient, however, might 
have such severe involvement that walk- 
ing will never be safe or practical, and 


Name: 

Occupation:. 

Apparatus:— 


FUNCTIONAL TEST SHEET 
Georgia Warm Springs Foundation 
Functional Evaluation 

Age: Onset:. 

No 


Grades Indicating Independence 
* T Normal performance — patient apparently uninvolved. 

Excellent performance — involvement apparent but speed, 
safety, endurance, and agility in performance no problem. 
Adequate performance for all practical purposes. 

Adequate performance in a specific environment — limited to 
special types, styles, weights, heights, etc. 

Grades Below Independence 

F Performance possible but not practical (speed, safety, etc.). 

P Performance is partial only (Example: Can get into chair but 
not out of it.) 

• At this stage of treatment patient not allowed to perform the 
activity. 

Activity not indicated for testing. 

Activity impossible. 

9 Bed (%) 

Operate signal light 

Hold letter 

Hold book 

Turn pages 

Write name 

Operate bed lamp and radio 
Procure object from night table 
bit up 
Turn over 
6 Eating 
Eat with fingers 
Eat with fork 
Eat with spoon 
Drink from glass 
Drink from cup 
Cut with knife and fork 

Use handkerchief 
Wash hands 
Wash face 
Brush teeth 
Comb hair 
Clean nails 
Trim nails 
Shave or make up 
get on and off toilet 
Ute toilet paper 
Bathe self 

Shari? anC t °- Ut 0,r Bath or shower 
shampoo hair 

I Dressing 

Pm ” n remove underclothes 
Pm ?? rcmove buttoned shirt 
Put on rcmovc slipover garment 
jut on— remove slacks 
p °n— remove shoes 
• ut on— remove hose 

, K how or tic 
? Apparatus 

and unlock braces 
Pm remove slings 
j>“ “"remove splints 
Pm ?' 1 remove corset 
16 T^F! 0 ''' braces 

n Utilities 
Operate door hell 
Operate flip li ghl 


N 
G+ 

G 

G — - 


X 

o 


<%) 


(%: 


us apparatus. If necessary, specially de- 
igned assistive types of apparatus are made 
° r tic individual patient. It might be 
cr ectly possible for one patient to achieve 
° rrna activity without any type of brace, 
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Small letter beside grade or symbol indicates: 

w Possible in wheel chair (Example: G w) 

b Possible in bed (Example: G b) 

No letter — Possible standing (Example: G ) 

Grade with circle = Assistive, supportive or mechanical apparatus 
necessary for that grade (Example: (G)) 

(Example: GvO ' 

\/ Working on improving performance of activity 
Percentage of Independence in Each Section 
Count number of grades indicated for testing. 

Count number of independent grades. 

Divide number of independent grades by the number of grades indi- 
cated for testing to obtain the percentage of independence in 
each section or use percentage chart. 

Operate pull light 
Operate faucet 
Operate hook and eye latch 
Operate hasp and padlock 
Operate barrel bolt 
Operate inside door set 
Operate night latch 
Operate Venetian blind 
Plug in cord 
Wind watch or clock 
Open and close drawers 
Open and close windows 
Use needle and thread 
Use scissors 

6 Communication (%) 

Write or type test passage 

Handle own mail 

Handle money 

Use dial ’phone 

Use pay ’phone 

Wrap and unwrap package 

24 Locomotion ( %) 

Roll wheelchair on smooth surfaces 

Roll wheelchair on rough surfaces 

Control wheelchair down grade 

Roll wheelchair upgrade 

Open common doors, go through, and close 

Operate automatic elevator 

Move on floor not in upright position 

Walk on smooth surfaces 100 yds 

Walk through an aisle of seats 

Walk on rough surfaces 

Walk up and down 20 degree grade 

Walk forward and backward carrying object 

Cross street with traffic light 

Get in and out of wheelchair 

Get in and out of chairs 

Get in and out of bed 

Get in and put of car _ 

Do 7 inch rise steps with rails 
Do 7 inch rise steps without rails 
Do plane steps 
Do dus and train steps 
Pick up object from floor 
Get down and up from floor 
Drive car 

Specialties 


that actually teaching him to care for his 
own personal needs through the use of 
specially made splints or feeders will be his 
maximum functional capacity. 

The fifth step is the attempt to evaluate 
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a patient, not only in terms of what he can 
do at the present but whether further 
treatment is necessary to increase his func- 
tional capacity and to assure his future 
security. 

All patients regardless of involvement 
should be completely evaluated by the 
physiatrist and orthopedist before dismissal 
from the hospital. On the basis of this 
evaluation the present status and probable 
ultimate involvement should be thoroughly 
discussed with the patient and /or his 
family. Instructions in all necessary treat- 
ment to be continued at home can be given 
at this time as well as definite instructions 
in type and extent of activity and the time 
of the next medical check-up. 

The sixth step is usually the return to a 
normal environment. Before this step is 
actually made both the patient and his 
parents should be fully acquainted with the 
patient’s entire problem and the possibility 
of any change in his status in the future. In 
a great majority of patients treatment at 
home must be continued for many months, 
interspersed with repeated medical exami- 
nations to determine the need for additional 
treatment, either as a means of increasing 
the patient’s functional capacity or perhaps 
minimizing certain deformities that seem to 
be occurring. 

Thus a patient from the sixth block of a 
normal environment might return to the 
fifth block of evaluation and then be sent 
back into the treatment program, either for 
increased codrdination and strength of 
muscle effort or for some phase of increased 
functional activity; or perhaps at this time 
he will be referred directly to the ortho- 
pedist for certain orthopedic procedures. 

No medical program for the care of the 
after effects of poliomyelitis is complete 
unless it provides for adequate follow-up of 
its patients. Maximum return of strength, 
endurance and functional activity may 
require years of guided effort. Many 
deformities will not occur nor existing 
deformities progress until many years after 
the onset of the disease. Likewise, many 


supportive, corrective and assistive ortho- 
pedic procedures cannot be carried out 
with optimum results until patients reach a 
period of solid bone formation. The doctor 
must maintain contact with his patient 
until maximum functional capacity has been 
obtained and future security established. 

The seventh step is that of orthopedic 
surgery at which time the surgeon endeavors 
to determine whether certain procedures 
can increase the patient’s ability to function 
with either greater effectiveness or endur- 
ance, but more particularly to determine 
whether the patient’s increasing growth, 
height, weight and activity can be sup- 
ported on weakened segments without 
damage to them. In a great many instances, 
before any consideration can be given to 
increased functional capacity and security, 
the orthopedic surgeon must correct de- 
formities that have occurred during the 
convalescent period. 

The continued physical security of the 
patient is the most serious responsibility of 
orthopedic surgery. It is absolutely neces- 
sary to foresee the effect of growth, increas- 
ing weight, age and activity on weakened 
bodily segments and to take adequate 
precautionary measures when relatively 
simple surgical procedures will prevent the 
occurrence of irreversible structural changes. 
Ideally, surgery should be considered not 
as a last resort after the damage is done but 
rather as a means of preventing these 
tragedies. It is obvious that the results 
obtained by the orthopedic surgeon depend 
on the thoroughness of the conservative care 
during the period of convalescence. Cer- 
tainly, if fairly normal skeletal alinement 
and joint mobility have been preserved, the 
surgeon can do his work more efficiently. 

It is essential that we foresee the possi- 
bility of later surgical procedures through- 
out all early phases of convalescence. It is 
equally important to point out that certain 
surgical procedures are needed during the 
convalescent stage. In general, it has been 
stated that when orthopedic surgery is 
indicated to correct a deformity, increase 
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functional capacity and assure future secu- 
rity of bodily segments, it should be deferred 
until the chronic stage or, in children, after 
bone formation is well advanced. This is 
only partially true. Relatively simple sur- 
gical procedures, such as sectioning of the 
iliotibial band or heel cord if done early 
in a convalescent program, often permit 
restoration of bodily alinement possible 
in no other way. This not only prevents 
irreversible and severely handicapping 
changes from taking-place but also permits 
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more effective use of muscle re-education 
and functional training. 

SUMMARY 

To achieve restoration of maximum 
functional capacity possible within the 
limits imposed by the actual damage to the 
nervous system requires a logical sequence 
of treatment steps. Chronologically, this 
treatment program is well defined by the 
recovery rate expectancy curve and the age 
of the patient. 
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Public Health Considerations of Poliomyelitis" 

Joseph G. Molner, m.d. 

Detroit, Michigan 


T he health officer is expected to 
control public health problems and 
it is his responsibility to the citizens 
of the community which he serves to do so, 
or at least to employ the best available 
knowledge and methods for the protection 
of the public health. When an epidemic of 
disease occurs, be it an epidemic of measles, 
of smallpox, of typhoid fever, or of polio- 
myelitis, an epidemic of a disease for which 
effective control measures are available or 
a disease for which there are no known 
control measures, the citizens naturally 
turn to him. 

The methods for control, or rather at- 
tempted control, of those diseases which 
may occur in epidemic proportions and 
those diseases which are communicable 
have undergone many radical changes in 
recent years. Many restrictions, for ex- 
ample quarantine, were used not on the 
basis of scientific evidence but primarily 
because the ways and means by which 
diseases were spread were not known; often 
the utilization of quarantine was a grasp 
at the proverbial last straw. Despite the 
general tendency among public health 
workers of the present day to discredit and 
discontinue quarantine as a method of con- 
trol during an epidemic of disease the 
community often demands the institution 
of this procedure. Here is a method which 
is familiar, which had been used for many 
years with apparent official approval and 
the health officer through the force of public 
opinion and to allay anxiety is virtually 
forced into the adoption of an only potenti- 
ally valuable control measure of limited 
practical applicability. 

In spite of pressure groups of any type 
it is one of the first and most important 


functions of the health officer to weigh 
preventive procedures on the basis of 
available scientific facts. He is in a difficult 
position, however, because frequently much 
publicized information emanates from the 
scientific laboratory, from the desk of the 
epidemiologist or the office of the clinician 
and the information may be related only 
remotely to the prevention of disease. The 
public is apt to accept such information 
without question as a panacea and the 
health officer is expected to apply ■ the 
panacea within his jurisdiction. Admittedly, 
the health officer has in addition to the 
responsibility for weighing the potential 
need of preventive measures, the responsi- 
bility for the field evaluation of such 
measures. However, before embarking upon 
their adoption, even on an experimental 
basis, these procedures must be weighed 
carefully and studied for their probable 
value as preventive measures, relative ease 
of enforcement and economic effect upon 
the individual, the household and the com- 
munity. If such measures are found to be 
administratively sound and financially prac- 
tical, they should be put into effect as the 
policy of the organization, as an epidemi- 
ologic supplement or as administrative 
research. 

Just what should the health officer do 
when poliomyelitis strikes? 

education 

Certainly one cannot help but believe 
that of the many dangerous diseases polio- 
myelitis appears to have the most adverse 
psychologic effect on the public, and it is 
the responsibility of the health officer 
not only to alert the public, including 


From The Detroit Department of Health, Detroit, Mich. 
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physicians, to the increased incidence of the 
disease but to gear the health education 
services of his organization to present 
authentic information and to prepare and 
submit it in a manner which will most 
effectively avoid panic and allay anxiety. 

Satisfactory Press Relations. The public 
press and the radio represent two of the 
most important outlets for lay information, 
and a cooperative press releasing facts 
instead of fancy about poliomyelitis is of 
inestimable value. The health officer must 
secure proper contact with the press and 
prepare information concerning the disease 
in an intelligent and understandable form. 
The press is always anxious to carry facts 
and when misinformation is printed it is 
because of misunderstanding rather than 
misrepresentation. We know that a press 
which dramatizes or exaggerates facts can 
create anxiety and cause a great deal of 
damage. It is therefore of paramount im- 
portance that the health agency secure the 
cooperation of the press. This may, of 
course, be accomplished most satisfactorily 
by making available to the news gathering 
agencies properly prepared information in 
a language which their readers can readily 
understand. 

Alerting the Public. There are many other 
ways of alerting the public to the signifi- 
cance of an epidemic of disease. To illustrate 
a few of these we need to mention parent- 
teacher associations, mothers’ clubs, health 
guild and, of course, the radio and possibly 
television. 


Contrary to the old attitude, there is very 
'ttle information concerning the com- 
municability, clinical significance, com- 
P ications and treatment of disease which 
cannot be made available to the thorough 
understanding of the public if such material 
1S P 10 perly prepared and presented. It is 
. 1S bailer knowledge of sickness which 
stimulates greater cooperation. 

’forming the Physician. It is with no em- 
barrassment that physicians admit the need 
or information concerning poliomyelitis. 

lt 1 the relatively low rural epidemic 
a ack rate and even lower urban attack 
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rate, with the relative infrequency of epi- 
demics, it is not very often that a physician 
is called to see a patient or a suspicious case 
of poliomyelitis. 

It is considered important that the 
physician be in a position to answer the 
questions directed at him by his patients, 
and it is important especially during the 
time of an epidemic that the information 
released from the official health agency be 
coordinated with the information which 
patients receive from their family doctors: 
contradictory answers or apparent disagree- 
ment between the physician and the health 
agency tend to create lack of confidence in 
both. The physician, therefore, must have 
the facts concerning poliomyelitis at least 
at the same time, preferably before, the 
information is given to the public. 

The physician’s lack of experience with 
poliomyelitis may lead to an inadequate 
appreciation of the real significance of the 
disease. The health officer must therefore 
confer with local physicians early in an 
epidemic and discuss the facts related to 
poliomyelitis as a disease and as an epidemic 
afflicting the community. 

To inform physicians concerning polio- 
myelitis, or any public health problem, 
postgraduate conferences are of inestimable 
value. Conferences of this type should be 
conducted under the auspices of the local 
medical society, the health department 
and any interested unofficial agency. This 
type of conference has been in existence 
in many parts of the United States for 
many years and has been exceptionally 
well patronized by the medical profession. 
Speakers generally include members of the 
local medical society, the local health 
officer and at times authorities from other 
sections of the country. 

Not all the essential information con- 
cerning the medical and public health 
aspects of poliomyelitis can be presented in 
conferences of this type nor can it be ex- 
pected that all physicians will attend. 
Therefore, published information directed 
toward the physician either in local official 
publications or through communications 
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from the health department should supple- 
ment the conferences. 

The health services of a community 
should also be geared to lend consultation 
to the private practitioner of medicine in 
the diagnosis and treatment of disease. 
Diagnostic services, in addition to clinical 
consultation, should, of course, include 
laboratory facilities for aid in diagnosis. 

The agenda for education of the physi- 
cian must include the most recent and best 
information concerning the epidemiology 
of the disease, for example, probable 
sources of infection, probable modes of 
transmission, incubation period, suscepti- 
bility and prevalence. There must be 
included in these discussions the criteria 
of early diagnosis, the significance of 
paralytic and non-paralytic disease and 
the need and significance of laboratory 
methods for the diagnosis of poliomyelitis. 
It must be emphasized that during an 
epidemic all cases of unexplained fever or 
other symptoms which may be related to 
poliomyelitis should be regarded with extra 
care lest they be the signs and symptoms of 
non-paralytic poliomyelitis. 

The clinical classifications of poliomyelitis 
and the significance and value of the latest 
' and most modern therapeutic regimens 
should also be presented, with proper em- 
phasis placed upon those proposed and 
sometimes publicized therapeutic measures 
which may be of only potential value or of 
no value. It is important that the physician 
know of the community facilities which are 
available for the care of those with acute 
cases of poliomyelitis as well as the com- 
plications of the disease. 

From the public health point of view it 
is appreciated that all cases diagnosed 
either as suspicious or actual cases should 
be reported to the health agency. The 
significance of this reporting must also be 
called to the attention of the physician. 

PREVENTION 

No phase of communicable disease con- 
trol is of greater importance to the public 
and to the physician than those measures 


which will prevent or which may modify 
disease. During an epidemic of poliomyeli- 
tis there is more misinformation concerning 
this public health aspect of the disease than 
any other. The preventive phases of polio- 
myelitis must be stressed to the physician 
and to the public. 

The significance of early recognition and 
isolation of active and suspicious cases and 
the importance of the carrier state in polio- 
myelitis, together with the relative inef- 
fectiveness of quarantine measures, should 
also be given special consideration. It is 
only proper with our most recent knowl- 
edge concerning the discharge of the virus 
from the human body that human excre- 
ments be properly removed from potential 
intimate contact with the human popula- 
tion. No major changes are necessary in 
community facilities for the collection or 
disposal of human excreta but certainly 
proper and careful disposal of excreta within 
the isolation area is indicated. 

Because flies may play an important 
role in the transmission of the disease and 
because the protection of food from flies is 
an essential public health measure, screen- 
ing of homes, destruction of flies and 
protection of food from flies should be 
recommended. 

Since person-to-person contact is proba- 
bly the most important of the many pro- 
posed theories of the mode of transmission 
of the disease and because circumstantial 
evidence strongly supports this proposal, 
it should be recommended that persons, 
particularly children, do not travel to or 
from the epidemic area. The closing of 
community borders, schools and churches 
is not recommended; by the time such 
measures are initiated the seeding of infec- 
tious agents in the community or in the 
area would be so extensive that at best they 
would be only gestures or futile attempts. 

However, in the event that poliomyelitis 
occurs in epidemic proportions at the time 
that schools are to be opened it may be 
considered a measure of expediency to 
delay their opening. It is considered ex- 
pedient to protect children so far as practi- 
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cable against unnecessary contact with 
persons outside their homes, and it is 
recommended therefore as good practice 
during an epidemic of poliomyelitis to keep 
children away from swimming pools, wad- 
ing pools, theaters and churches. There is 
reasonably good evidence to indicate that 
trauma, exertion and fatigue may predispose 
to poliomyelitis and avoidance of these con- 
ditions should also be recommended. 

Of the many proposed preventive meas- 
ures there is probably none more important 
than deferment of elective tonsillectomies 
or elective operations of the nose and throat 
during an epidemic or just preceding ex- 
pected high incidence or epidemic propor- 
tions of poliomyelitis since there is good 
evidence to show that recent tonsillectomies 
are predisposing to bulbar poliomyelitis. 
Emergency tonsillectomies must be left to 
the discretion of the family physician. 

NURSING VISITS 

A well co-ordinated program in public 
health calls for nursing visits to the homes 
of patients. These are not for the purpose 
of caring for patients because all polio- 
myelitis patients should be cared for in 
hospitals. Public health nursing calls are 
made primarily to consult with the families 
of patients and to lend assistance in any way 
possible. The public health nurse as a family 
health counsellor in these situations can be 
of invaluable service. 

HOSPITALIZATION 

Treatment of infantile paralysis with 
modern methods is complicated and ex- 
pensive. Hospital care is essential and 
hospital facilities for the care of poliomyelitis 
should be available in every locality. This 
poses a very important problem for the 
malth administrator because in spite of the 
generally admitted theories that poliomyeli- 
hs is not a highly communicable disease, 
( mt the secondary attack rate is virtually 
negligible and that patients may be cared 
01 ' n general hospitals, most general 
mspitals resist admission of poliomyelitis 
patients for fear of institutional epidemics. 
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There is, therefore, need for education of 
the hospital administrator as well as the 
medical staff of the institution to the fact 
that poliomyelitis can be cared for without 
unusual risk in general hospitals during the 
acute as well as during the convalescent 
stages. Poliomyelitis patients can certainly 
be cared for in general hospitals without 
risk to other patients and personnel if the 
usual precautionary measures used in the 
care of other types of diseases are invoked. 
Such care implies isolation precautions, 
reasonably careful technic in handling of 
the patient and proper disposal of excreta. 

The health department, in cooperation 
with the medical profession and with other 
official and non-official agencies, must be 
the driving force if not the supplier of ade- 
quate medical care for poliomyelitis pa- 
tients. Needless to say, it is preferable that 
the health department be the driving force 
in making adequate care available. 

This will involve availability of hospital 
facilities for care of the patient during the 
acute stages and equipment and materials 
for administration of the most modern 
methods of therapy. Under present methods 
of therapy equipment such as respirators, 
hot pack machines and physical and occu- 
pational therapy equipment for the con- 
valescent care and rehabilitation of patients 
is required. 

Proper care of patients will include well 
trained personnel conversant with modern 
therapeutic measures and physical therapists 
properly trained in administration of newer 
treatments. It is important to have occupa- 
tional therapists well versed in the problems 
of the convalescing poliomyelitis patient 
and the means by which these patients 
may be brought back to the ultimate of 
self-sufficiency and productiveness. This 
may necessitate special training for the 
available personnel or the recruitment of 
new personnel who have been trained in 
the care of poliomyelitis patients. 

The health department has an impor- 
tant responsibility in the promotion of 
available and good care for poliomyelitis 
patients regardless of their economic status. 
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Modern and effective methods for the 
treatment of poliomyelitis, have pyramided 
the cost of medical care to the point where 
such service is virtually beyond the reach 
of the majority of the population. In many 
states funds are available through official 
organizations and funds may be made avail- 
able through non-official agencies, but the 
important thing is that care, regardless of 
the source of financing, must be available 
for the patient. 

Many treatment phases of poliomyelitis 
do not require professional personnel. With 
the shortage of professional personnel, lay 
persons can be trained to apply hot packs 
and to administer the simpler types of 
physical therapy. 

EPIDEMIC COMMITTEE 

In keeping with the thought that a well 
informed community is a cooperative com- 
munity, it has been found expedient to 
organize at the time of an epidemic a 
citizens’ committee to assist in the manage- 
ment of the various problems which arise 
and to assist in the dissemination of informa- 
tion concerning poliomyelitis and the epi- 
demic in existence. A committee of this 
type, composed of leaders in the community, 
for example, ministers, teachers, attorneys, 
bankers and public officials, can do a great 


deal in disseminating reliable information 
concerning the epidemic, procurement and 
even training of personnel and procurement 
of hospital beds and equipment. 

Citizen committees of this type have been 
organized on several ’ occasions during an 
epidemic of poliomyelitis and have func- 
tioned very successfully. It must be empha- 
sized, however, that these committees must 
be working committees rather than figure- 
heads — committees in name only can be 
obstructive. 

CONCLUSIONS 

The public health considerations of 
poliomyelitis herein discussed are for the 
most part non-specific. There are but very 
few specific preventive measures which can 
be applied or effectuated as far as the public 
health aspects of poliomyelitis are con- 
cerned. The measures presented, however, 
are quite generally accepted and represent 
the best judgment of many public health 
officials and research workers. Until such 
time as the epidemiologist, the laboratory 
worker or the clinician make available to 
the public health officer more specific 
means of control, such as active or passive 
immunization, the public health approach 
with probable modification will remain 
much the same as outlined in this paper. 


End of Symposium on Poliomyelitis 
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P heochromocytomas are tumors of the 
chromaffin cells of the adrenal med- 
ulla. These cells are derived from 
the neuroectoderm of the neural crest and 
arc developmentally related to the matured 
cells of the sympathetic ganglia. Para- 
gangliomas are tumors of the paraganglia, 
aggregates of chromaffin cells found apart 
from the adrenal medulla in association 
with the ganglia of the sympathetic trunk 
and plexuses and occasionally in relation 
to viscera where they may have arisen in 
common with the peripheral sympathetic 
ganglionic groups; they may also arise from 
the coccygeal or carotid bodies. Few para- 
gangliomas are true chromaffin-cell tumors, 
and they rarely produce cardiovascular 
symptoms. Pheochromocytomas, in con- 
trast, have been aptly described as histo- 
logically benign but physiologically malig- 
nant; most of them cause either paroxysmal 
or sustained hypertension. 

Adrenal pheochromocytomas are usually 
encapsulated, small, round and unilateral; 
however, they may be large (reported up 
b 12 cm. in diameter and weighing 2,000 
Gnt.) and bilateral (16 of the 152 cases 
reported by MacKeith). 1 If malignant, 
metastascs are most frequently found in the 
regional and thoracic lymph nodes, liver 
and skeleton. The very large tumors are 
frequently cystic and hemorrhagic. The 
granules of the tumor cells give a charac- 
teristic brown “chromaffin’' reaction when 
stained with chromium salts. Adrenalin 
assays of the tumor tissue have varied from 
0.12 to 20.0 mg. per Gm.; 2 the normal 
adrenal medulla contains about 0.4 mg. of 
epinephrine per Gm. 

t rom The Departments of Medicine and Surccrv, Su 
way, 1949 


In 1886 Frankel 3 reported finding bilat- 
eral adrenal tumors at the autopsy of an 
eighteen year old girl. Labbe, Tinel and 
Doumer 4 wrote the first detailed clinical- 
pathologic description of the associated 
paroxysmal hypertension in 1922. A correct 
clinical diagnosis was reported in 1926, 5 
but the first experience in preoperative 
diagnosis, successful excision and symptom- 
free survival was not described until 1929.° 
In 1937 increased amounts of epinephrine 
were demonstrated in the blood of patients 
during attacks; 7 MacKeith 1 in 1943 re- 
viewed the reports of 152 patients with 
adrenal pheochromocytoma and nine with 
paraganglioma associated with the adrenal- 
sympathetic syndrome. Since his paper 
appeared, at least twenty-six additional 
cases have been described. The best re- 
views of the subject are those of Belt and 
Powell, 2 Howard and Barker, 8 McKenzie 
and McEachern 9 and MacKeith. 1 

CLINICAL MANIFESTATIONS 

Pheochromocytomas are found equally 
distributed in both sexes, most commonly 
during the third to fifth decades and more 
frequently in the right adrenal. As stated 
by MacKeith these tumors may 7 cause “(1) 
Recurrent paroxysms of generalized vaso- 
constriction accompanied by a remarkable 
but transient hypertension — the adrenal-sym- 
pathetic syndrome: (2) chronic hypertension 
with renal and cardiac failure, resembling 
malignant hypertension; (3) Addison’s dis- 
ease from local pressure on the cortex, an 
uncommon picture, or (4) no symptoms.” 
Hirsutism, precocious genital development 
and other evidences of adrenal cortical 
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disturbance have been reported. 10 Those 
cases of sustained high blood pressure may 
resemble essential hypertension from the 
onset. Patients with typical hypertensive 
crises early in their clinical course may 
enter a later stage of continuous hyper- 

Table 1 

FREQUENCY OF OCCURRENCE OF PRINCIPAL SYMPTOMS 
IN EIGHTEEN CASES OF PHEOCHROMOCYTOMA 

(Howard and Barker, 1937) 

No. of 


Symptoms Cases 

Blanched, cold extremities 17 

Palpitation 17 

Nausea 16 

Sweating 14 

Vomiting 13 

Headache 10 

Pulmonary edema 9 

Precordial pain 8 

Dilated pupils 4 

Body tremors 3 

Dizziness 2 


tension. In some, paroxysms are superim- 
posed upon a state of persistent hyperpiesis. 
The patients with paroxysmal attacks are 
clinically most common, most readily recog- 
nized and therapeutically most hopeful. 
The history may indicate attacks over as 
long as sixteen years. The initial attack 
may be as severe as subsequent episodes, 
but often the early symptoms are mild and 
equiyocal: transient malaise, headaches, 
nausea, vague pains or dizziness may recur 
unexplained until typical crises suggest the 
diagnosis. Attacks may occur only at long 
intervals or as often as several times a day. 

Crises are characterized by sudden, 
generalized vasoconstriction that produces 
both local and generalized effects. Table 1 , 
listed by Howard and Barker 8 from a review 
of eighteen cases, is representative of the 
described symptomatology of reported series. 
MacKeith 1 described the clinical variations 
in detail. Some patients experience symp- 
toms limited to only one region, such as 
episodic abdominal pain and vomiting, or 
recurrent headaches. Brief antecedent ma- 
laise or paresthesias may initiate the attack. 
Palpitation is usually the first symptom, but 
vague uneasiness, lassitude, weakness or 
regional pain in the abdomen, chest or 
head may provide the subjective warning. 


Vasoconstrictive effects — cramps, colic, etc. 
— may begin in the lower part of the body 
and progress cephalad to cause successive 
anginal constriction, dizziness and severe 
headache. During severe episodes the pa- 
tient is unmistakably ill and the attack may 
terminate in a state of shock. Blanching and 
pallor of the face and extremities are com- 
mon although there may be alternate 
flushing or no obvious color change of the 
skin. Tachycardia, bradycardia and irregu- 
larities of rhythm may occur. The pulse is 
usually weak. Accentuation of the aortic 
second sound and transient aortic diastolic 
murmurs have been noted. The systolic 
blood pressure may rise 100 to 200 mm. of 
mercury above the interim levels, with an 
associated diastolic increase. During attacks 
there may be dilatation of the pupils. 
Hyperglycemia and glycosuria are other 
effects of increased discharge of epinephrine. 
In about one-third of the cases a tumor is 
palpable in the abdomen or flank. Massage 
of such tumor, or of the loin or abdomen 
if a palpable mass is not present, may induce 
an attack. It should be emphasized, how- 
ever, that failure to cause an attack by this 
means does not preclude the diagnosis of 
chromaffin-cell tumor; furthermore, if a 
mass is not felt, an attack may be induced 
by massage but this is not to be taken as 
evidence that the tumor is on the side of the 
abdomen manipulated. (Table ix.) 

Attacks may last for a few minutes or 
persist for hours or days. In at least half 
the cases crises occur spontaneously, but in 
many instances one or more precipitating 
factors have been noted. These include 
postural changes (most commonly), nerv- 
ousness, emotional stress, physical exertion, 
pain, constipation and menses. Clinical 
complications are dependent upon degree 
and duration of the induced hypertensive 
state. Progressive alterations include arterio- 
sclerosis, cardiac hypertrophy, retinal and 
renal damage; acute effects which account 
for sudden fatalities are pulmonary edema, 
cerebral hemorrhage and shock. 

Differential Diagnosis. The diagnosis of 
pheochromocytoma may be obvious in the 
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observed presence of typical paroxysms given intravenously caused hypertensive 

with the rise of blood pressure and attend- crises with the signs . and symptoms of 

ant objective vasomotor manifestations. If paroxysmal sympathetic attacks. This ex- 

a palpable tumor is also present or attacks periencc has provided a simple clinical test 

may be induced, the evidence is conclusive. for chromaffin-cell tumors. Histamine base, 

The absence of clearly defined attacks does 0.025 or 0.05 mg., given intravenously 


Table ii 


BI.OOD PRESSURE OBSERVATIONS IN EIGHTEEN CASES 

(Howard and Barker, 1937) 


Case 

Age 

Sex 

Duration 
of Symptoms 

Blood Pressure 
— Resting 

Blood 
Pressure 
—In Attack 

i 

28 

F 

Several months 

150/100 

260/180 

2 

30 

F 

1 Vi yr- 

130/82 

+300/180 

3 

37 

M 

1 yr. 

140/80-210/130 

+300/180 

4 

29 

M 

10-11 yr. 

160/100 

300/? 

5 

26 

F 

10 yr. 

120/90 

260/120 

6 

39 

M 

6 mo. 

110/? 

+200/? 

7 

46 

M 

9yr. 

160/120 

280/120 

B 

29 

M 

■H y. 

150/115 

325/200 

9 

41 ■ 

M 

\yi yr. 

200/100 

340/110 

10 

36 

F 

5 mo. 

125/105 

300/240 

11 

16 

M 

5 mo. 

125/105 

300/200 

12 

45 

F 

7 yr. 

170/80 

+300/240 

13 

40 

F 

11 yr. 

185/105 

290/160 

14 

45 

M 

7 mo. 

140/90 

+260/120 

15 

37 

F 

7yr. 

100/60-130/90 

220/130 

10 

38 

M 

17 mo. 

225/160 

330/120 

17 

69 

M 

3 yr. 

112/70 

260/120 

18 

27 

F 

4 yr. 

120/80 

240/180 


not invalidate the diagnosis but forces other 
considerations. These are grouped in Table 
hi in categories of diagnostic probability. 


LABORATORY TESTS 

The patient suspected of having a pheo- 
chromocytoma is routinely subjected to 
many laboratory and a few clinical tests. 
These arc briefly tabulated in Table iv. 
Negative or equivocal results are frequent. 
The most specific test is the demonstration 
of increased amounts of epinephrine in the 
blood during or even between paroxysms. 11 
dhis is cumbersome and the test is not 
always positive even in the presence of the 
tumor. The histamine test was first de- 
scribed by Roth and Kvale. 12 This test was 
based on the assumption that the opposing 
physiologic effects of histamine and epine- 
phrine might be utilized during the surgical 
excision of pheochromocytoma to prevent 
■espouses to the excessive epinephrine blood 
e\ds provoked when the tumor is handled, 
low ever, a contrary effect was produced; 
'cr\ small amounts of histamine base 
v.av, 1949 


Table hi 

DIFFERENTIAL DIAGNOSIS IN CASES 
OF PHEOCHROMOCYTOMA 

Likely 

Essential or malignant hypertension 

Acute and chronic nephritis 

Hyperthyroid state 

Cushing’s disease 

Polyglandular dyscrasia 

Brain tumor 

Mediastinal tumor 

Unlikely 

Diabetes mellitus 
Angina pectoris 
Peptic ulcer 
Tabetic crises 
Migraine 
Epilepsy 

Periarteritis nodosa 

Confusing 

Neurasthenia 
Anxiety state 
Cardiac neurosis 

will cause a systolic pressure rise of at least 
100 mm. of mercury if the tumor is present. 
Headache and the usual sympathetic symp- 
toms may be severe and the effects last as 
long as ten minutes in some cases. The 
test has been positive in 100 per cent of 
the few cases described to date. 13 

More recently a similar test utilizing the 
“adrenolytic” action of benzodioxane 
drugs has been reported. In May, 1947 
Snyder and Vick 14 described the use of this 
diagnostic aid in two children with pheo- 
chromocytoma. Goldcnberg, Snyder and 
Aranow subsequently presented a detailed 
discussion of the drugs and the test, with a 
report of two additional cases. 15 The 
structural formulas and pharmacologic 
relationship between the adrenolytic benzo- 
dioxanes and the sympathomimetic phcnyl- 
cthylamine are indicated in their paper. 
Fourneau and Bovet 16 first investigated the 
benzodioxancs. Many chemical variants 
were tested; those selected for clinical trial 
because of their minimal toxicity arc 
designated 1164F ([2,4,-dimethylpiperidylj 
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methylbenzodioxane), 933F (piperidyl-me- 
thyl benzodioxane) and 1071F (dimethyl- 
aminomethyl benzodioxane). 

The basis for use of these drugs is that in 
non-toxic dosage their action is adrenolytic 
rather than sympatholytic. Thus in the 

Table iy 

LABORATORY AND CLINICAL TESTS IN THE DIAGNOSIS 
OF PHEOCHROMOCYTOMA 

1. Epinephrine: increased blood level during or between 
attacks 

2. Histamine: 0.025-0.050 mg. of base intravenously: 

symptomatic simulation of paroxysm; rise in 
systolic blood pressure 100 mm. Hg or higher 

3. Benzodioxane drugs (Fourneau): “adrenolytic agents,” 

intravenously: rapid fall of systolic and diastolic 
blood pressure 

4. Glucose tolerance test: decreased tolerance, impaired 

carbohydrate metabolism; frequently normal 

5. Basal metabolic rate: to exclude hyperthyroid state; 

may be greatly elevated by pheochromocytoma 20 

6. 17-ketosteroid excretion: inconsistently affected by 

adrenal medullary tumor 

7. X-ray demonstration of adrenal tumor: excretory or 

retrograde pyelography which may fail; perirenal 
air insufflation which is more reliable but hazardous 

8. Electrocardiogram: 

abnormalities of rhythm 
conduction defects 
altered T waves 
shifts of axis 

presence of pheochromocytoma the attend- 
ant increase in circulating epinephrine is 
counteracted and a fall of blood pressure 
effected; in hypertension from other causes, 
including “essential hypertension,” a mini- 
mal effect, no effect or a purely pressor 
response is produced. Normal subjects 
respond with a mild pressor effect. 

The technic for using these drugs and 
interpreting the test is detailed by Golden- 
berg et al. 16 A continuous intravenous drip 
of normal saline is given to the unsedated 
patient during the rest period preceding 
introduction of the drug. The dosage used 
was 10 mg. of 933F or 30 mg. of 1164F per 
square meter of body surface given over a 
two-minute injection period while the 
intravenous drip continued. The duration 
of the drug action was usually less than 
fifteen minutes. Blood pressure readings 
were taken at frequent intervals before, 
during and after drug injection, until the 
pressure returned to the pre-administration 
levels. Interpretation of results was facili- 


^nothing characteristic 


tated by plotting the pressure changes 
against time. In three patients with pheo- 
chromocytoma the maximal reduction of 
systolic and diastolic pressures was from 50 
to 70 mm. of mercury; pre-injection pres- 
sure levels were regained in about fifteen 
minutes. 

Side actions of the benzodioxane drugs 
were not serious. They included sinus tachy- ; 
cardia, flushing, palpitation, nervousness, 
cold and clammy extremities, hyperpnea, 
mild headache, fright, sighing respiration 
and dizziness. This test is therefore prefer- 
able to the injection of histamine from the 
subjective standpoint. The use of neither 
test has yet produced a seriously untoward 
response but the reported series for each is 
small, and the danger of inducing either a 
marked rise or fall of blood pressure in the 
hypertensive subject should not be forgotten. 

TREATMENT 

Pheochromocytomas are treated by surgi- 
cal excision; there is no medical therapy 
except ancillary in preoperative and post- 
operative care and palliative during pa- 
roxysms. Morphine or codeine, sedatives, 
and vasodilator drugs may be helpful in an 
attack. Phlebotomy and lumbar puncture 
have been suggested for prolonged episodes. 
MacKeith states that epinephrine is specific 
in treating postparoxysmal collapse. 

Pre- and postoperative care have been 
fully discussed by Biskind, Meyer and 
Beadner 17 in a review of all patients treated 
surgically to 1940. Because these tumors 
are frequently accompanied by adrenal 
cortical deficiency, they recommend a 
high salt diet with 4 Gm. of additional 
salt by mouth for two days, 5 mg. of 
desoxycorticosterone intramuscularly the 
day before and the day of operation and the 
injection of 10 cc. of adrenal cortical extract 
during excision and as needed in the post- 
operative period. The choice of anesthetic 
seems to be induction with avertin or tri- 
bromethylene followed by ether-nitrous 
oxide inhalation. Spinal anesthesia is con- 
traindicated. Sharp fluctuations of blood 
pressure during the operation are controlled 
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with epinephrine or neosynephrine subcu- 
taneously or intravenously and amyl nitrite 
inhalation. Intramuscular injection of epine- 
phrine in oil may be an aid for sustained 
effect. 

SURGICAL CONSIDERATIONS 

Approximately 10 per cent of adrenal 
medullary tumors are bilateral. In a fair 
proportion of cases it is impossible to ascer- 
tain either from clinical signs or diagnostic 
technics on which side the tumor is present. 
These factors lead us to favor a bilateral, 
simultaneous exploration of the adrenals. 
In sympathectomy for essential hypertension 
exploration of the adrenals is achieved by 
either splitting the diaphragm radially for a 
short distance or, recently, by pushing the 
diaphragmatic attachments off the vertebral 
bodies to a degree sufficient to expose the 
retroperitoneal tissues. In cases in which one 
suspects an adrenal tumor and is not con- 
templating sympathectomy, a technic com- 
parable to that described by Young 18 is 
advocated. This permits bilateral, simul- 
taneous exposure of both adrenals through 
separate retroperitoneal incisions. In order 
to shorten the operative time and achieve 
really simultaneous exploration it has been 
our custom to utilize two surgical teams. 
The patient is placed in a prone position 
upon the operating table. Paravertebral 
incisions are made about 6 to 8 cm. lateral 
to the spinous processes, centering the 
incision just below the twelfth rib. The 
latissimus dorsi musculature is divided in 
the line of the incision, exposing the serratus 
posticus inferior muscle which in turn is 
divided in its lower portion. The conjoined 
poition of the lumbodorsal fascia is incised 
just lateral to the sacrospinalis musculature 
and the retroperitoneal tissues exposed. 

he costovertebral ligament of the twelfth 
11 may be incised and the rib retracted 
upward for greater exposure. If necessary 
tor a lar ge tumor, some of the twelfth rib 
m ay be resected. The retroperitoneal fat is 
pipped off, thereby exposing Gerota’s 
ascia which envelops the kidney and 
a renal. An opening is made in Gerota’s 

*Uy, 1949 
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fascia over the adrenal, permitting its 
delivery and complete exploration. 

Surgical Results. Data for the results 
listed in Table v are taken from the reviews 
of Biskind, Meyer and Beadner 15 (1939), 
MacKeith 1 (1943) and all cases reported 


Table v 

SURGICAL RESULTS 


Dates 1 

! 

No. Cases 

Successful 
(per cent) 

Fatal 
(per cent) 

1921-1936 

19 

12 (63) 

7 (37) 

1936-1943 

18 

15 (84) 

3 (16) 

1943-1947 

20 

17 (35) 

3 (15) 


since 1943, including the three added in 
this paper. Since 1943, twenty-four cases 
have been reported (including ours). Al- 
though three of these patients died during 
operation for adrenal tumor, four died who 
were not treated surgically; two patients 
unsuspected of having pheochromocytoma 
died during or shortly after operation for 
other conditions. 

Follow-up. Those patients who survived 
operation and the postoperative period 
have had full recovery from their paroxysms. 
Preoperative pathologic changes referable 
to sustained hypertension regressed with 
the re-establishment of persistent normal 
blood pressure. Some patients have been 
followed from seven to ten years. 19 The 
outcome has not been so favorable in the 
rare cases in which the adrenal tumor was 
malignant. 

Between January, 1944 and December, 
1946, three patients with pheochromocytoma 
were seen at the Stanford Hospital and 
Stanford University Medical School Out- 
Patient Clinics. 

CASE REPORTS 

Case i. Mrs. J. C., a twenty-three year old 
white housewife, had a negative medical history 
until the onset of her present illness in December, 
1943. She was seen in a prenatal clinic in Sep- 
tember with a normal eight-weeks’ pregnancy. 
Blood pressure readings were 100/60 to 105/70 
on three occasions from October to December. 
On December 22nd, after some nose-bleeding, 
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the pressure was 200/120 to 220/130. There was 
moderate albuminuria and toxemia of preg- 
nancy seemed likely. A Cesarean section was 
performed in another hospital in early January, 
1944, but because the blood pressure remained 
high the patient entered Stanford Hospital on 
the clinic service January 21st. Physical findings 
included a blood pressure of 250/140, papille- 
dema, retinal hemorrhages, narrowed retinal 
arteries, moderate enlargement of the heart to 
the left and an apical systolic murmur. 

Laboratory findings were as follows: Blood 
counts were normal. Timed urine specimens 
were fairly constant: specific gravity, 1.010; pH, 
7.0; protein, 1.2 Gm./24 hours; red blood cells, 
3,000,000; white blood cells, 3,000,000; hyaline 
casts, 100,000; granular casts, 300,000. Re- 
peated fasting blood sugars were from 95 to 
100 mg. per cent. Spinal fluid, serum proteins, 
urea, creatinine and chlorides were repeatedly 
normal. X-rays of the skull, chest and abdomen, 
and excretory pyelograms were negative. 

Differential diagnosis included malignant 
hypertension of unknown cause, placental 
neoplasm and intracranial lesion. 

Dilatation and curettage recovered only 
normal placental remnants. On January 25th 
she had an intracranial hemorrhage followed 
by restlessness, headaches, epigastric distress, 
back pain and further diminution of vision. 
There were no typical paroxysmal increases of 
blood pressure although these symptoms were 
occasionally accompanied by a moderate rise 
from the usual range of 230/130 to 260/160. 
Continuation of the listed complaints led to a 
splanchnic section on February 16th. During 
this operation the adrenal glands were not 
explored. Operative and postoperative hypo- 
tension was controlled essentially with neosyn- 
ephrinc injections. The lowest pressure of this 
time was 114/98, and it rose to 200/120 within 
three days after operation. Adrenal pheochromo- 
cytoma was first considered after prompt restora- 
tion of hypertension. The patient had a fatal 
cerebral hemorrhage on March 17, 1944, only 
three months after the first signs of high blood 
pressure. 

Autopsy revealed that the pheochromocyto- 
mas were small, bilateral, intra-adrenal; that 
on the right, 3.5 by 1.7 cm., replaced almost 
the entire gland. Generalized arteriosclerosis 
was present. The heart was 340 Gm., the left 
ventricle was 20 mm. thick and the coronary 
arteries were patent but contained atheromas. 


The brain revealed a recent hemorrhage into 
the pons, cerebral peduncle and fourth ventricle. 
The liver and kidneys showed no changes typical 
of toxemia of pregnancy but the kidneys were 
altered by the hypertension; small renal arteri- 
oles showed marked hyaline thickening of their 
subintimal layers, with fatty degeneration and 
poor cellular detail; the slightly larger arterioles 
had reduplication of the inner elastic membrane. 
The ascending arch and the thoracic and 
abdominal portions of the aorta had marked 
atheromatous changes with plaques 2 to 3 mm. 
thick. There were small plaques in the renal 
arteries. 

Comment. This patient presented not 
only the usual diagnostic problem of sus- 
tained hypertension in a young person but 
added the tempting consideration of its 
relation to her pregnancy. As the first of 
the series she did not have the benefit of 
adrenal exploration at the time of splanch- 
nicectomy; since she was of the 10 per cent 
group who had bilateral pheochromocyto- 
mas, the importance of the oversight may 
be questioned although the left tumor was 
small and the cortex there was not affected. 
It is of considerable interest that she had 
so much arteriosclerosis and left ventricular 
hypertrophy with hypertension of only 
three months’ duration. 

Case 11 . Mrs. E. P., a thirty-two year old 
white housewife, had a negative past medical 
history except for suspected hyperthyroidism in 
1935 when she had a mild tremor and a blood 
pressure of 130/80. In December, 1944 she 
entered another hospital at term and in labor; 
her blood pressure was 210/155. Following a 
normal delivery, the blood pressure was 125/85 
but soon returned to high levels which were 
uninfluenced by the usual medical treatments. 
There was mild to heavy albuminuria. As an 
out-patient during the next two months she 
continued to have marked hypertension, tachy- 
cardia, nervousness and headaches; the basal 
metabolism rate was +19 to +43, with normal 
blood cholesterol levels. Her ocular fundi showed 
evidence of slight bleeding and exudation and 
she had an episode of moderate left heart failure. 
Subtotal thyroidectomy in March, 1945 failed 
to reduce the basal metabolism rate or alleviate 
her symptoms. Because of severe left ventricular 
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failure, she was sent to Stanford University 
Hospital where she was admitted on the clinic 
service April 21st. Examination confirmed the 
changes in the retinae, the blood pressure was 
170/140 to 140/110, the heart was enlarged and 
there was a loud systolic precordial murmur 
with gallop rhythm and pulmonary congestion. 
The cardiac status improved with therapy but 
the moderate left failure persisted and fresh 
retinal hemorrhages appeared during the next 
two to three weeks. 

Laboratory examination revealed the follow- 
ing: Blood was normal; urine: specific gravity 
was 1.012 to 1.010, and there was 0.69 to 
6.9 Gm. albumin in the twenty-four-hour speci- 
mens on repeated tests. Fasting blood sugar 
levels were 121, 131 and 160 mg. per cent; urea, 
15 to 18 mg. per cent; chlorides 530 mg. per 
cent; cholesterol, 204 mg. per cent and plasma 
proteins, 5.8 Gm. per cent. The basal metabolic 
rate was +40. X-rays showed enlargement of 
both right and left ventricles of the heart, an 
enlarged left auricle and full pulmonary conus; 
excretory pyelograms were normal. Repeated 
electrocardiograms were taken; the only sig- 
nificant finding was a marked left axis deviation 
that shifted toward normal after the patient’s 
operation. 

Differential diagnosis considered the relation- 
ship of the hypertension to a post-toxemic com- 
plication, a primary renal lesion, retained 
placental tissue, the problem of an intrinsic 
myocardial affection and cardiac disease de- 
pendent upon thyrotoxicosis. 

The blood pressure fluctuated from 140/110 
to 170/130, with occasional increasing nervous- 
ness, tachycardia and perspiration but no 
clearly recognized attacks of paroxysmal hyper- 
tension. By May 19, 1945, the cardiac failure 
was sufficiently controlled to allow a bilateral 
splanchnicectomy and exploration of the adrenals 

After anesthesia was established with intra- 
tracheal ether and oxygen the patient was turned 
to the prone position and at once sank into pro- 
ound shock which was corrected with whole 
blood transfusion and neosynephrine injections. 

llateral incisions allowed simultaneous opera- 
tive procedure but the right adrenal gland was 

>st exposed and, because it was definitely en- 
arged, three-fourths of it was excised before the 
cft §' an d was examined. The left adrenal 
contained an unmistakable tumor which was 
temoved, leaving about one-third of the un- 
a ectcd gland in situ. Routine bilateral splanch- 
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nicectomy was then performed. Pathologic ex- 
amination of the adrenals showed that the 
tissue from the right gland was normal while 
the left contained a typical pheochromocytoma. 
Adrenal cortical extract in large amounts was 
given intramuscularly during the operation 
and routinely for nine postoperative days. 
Neosynephrine and epinephrine in oil supple- 
mented against hypotension. The blood pressure 
was 160 to 180 systolic at the start of operation; 
it dropped to 80 during the mentioned period 
of shock and rose to 170 at one point during 
the procedure. The blood pressure stabilized in 
the range of 95/50 to 110/80 postoperatively and 
was 100/75 at dismissal five weeks later. Signs 
of cardiac failure cleared steadily. 

When the patient was last examined in May, 
1946, one year after her operation, the blood 
pressure was 110/85, the ocular fundi showed 
no retinopathy and there were no heart mur- 
murs or evidences of cardiac enlargement. In 
correspondence in August, 1947 she stated she 
had felt quite well to date. 

Comment. This patient’s history again 
raised the problem of the relationship 
between her hypertensive state and possible 
toxemia of pregnancy. The elevated basal 
metabolic rate and diagnosis of moderate 
hyperthyroidism ten years earlier required 
consideration of thyrotoxicosis; absence of 
other evidence of thyroid disease and the 
probability that the basal metabolic rate 
was affected by her cardiac failure were 
against this. Other reviews have cited 
instances in which a greatly hypertrophied 
adrenal gland has been mistaken for an 
adrenal tumor. The satisfactory course for 
over two years postoperatively suggests that 
the patient is completely relieved of her 
hypertensive state. Splanchnicectomy must 
be considered in evaluating her course. 

Case hi. E. G., a twenty-six year old white 
physician, was seen on November 13, 1946, 
with the complaint of “paroxysmal hyper- 
tension” of two-years’ duration. His past history 
included chronic frontal sinusitis treated surgi- 
cally and paroxysmal auricular tachycardia 
since the age of ten. The latter had been proved 
by electrocardiogram, was readily controllable 
and was clearly distinguished by the patient 
from the attacks described in his present com- 
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plaint. Two years previously he had first noted 
episodes of sudden tenseness, nervousness, 
tachycardia and palpitation associated with 
tremor and profuse perspiring as the attacks 
subsided after two to five minutes. There was 
pupillary dilatation during some attacks but 
blanching or pallor of the skin was not noted. 
There were no recognized provocative factors 
except that attacks had occurred occasionally 
when he rolled over in bed. Attacks increased in 
frequency from one every two to three weeks 
to one or more almost daily; they varied in in- 
tensity and duration. An episode in June, 1946 
initiated a violent headache. Subsequent attacks 
were associated with similar occipital pain, 
often too severe to be eased by narcotics and 
which lasted five minutes to fourteen hours after 
the paroxysm had ceased. Complete neurologic 
study, including skull films, electroencephalo- 
gram and cerebrospinal fluid examination, 
showed no evidence of an intracranial lesion. 

While stationed at a U. S. Naval hospital in 
the following three months, the patient thor- 
oughly studied his case. His usual blood pressure 
varied from 130/70 to 150/90, but when taken 
during several typical attacks it was in the range 
of 200 to 220/110. The following examinations 
were normal: blood count, urinalyses, serology, 
serum cholesterol, glucose tolerance, cold pres- 
sor test, electrocardiogram, x-rays of skull, 
chest, sinuses and excretory pyelograms. Blood 
sugar levels during attacks were variable. Intra- 
venous insulin, 0.1 unit per Kg. body weight, 
reduced the fasting venous sugar from 78 to 
44 mg. per cent, caused a moderate insulin 
reaction but did not induce a paroxysm. Epine- 
phrine, 0.2 cc. of 1 : 100,000 intravenously caused 
symptoms precisely simulating those in an 
attack. The basal metabolic rate was +3 and 
+8 on two tests. 

He entered Stanford Hospital in November, 
1946, for confirmation of his own diagnosis of 
pheochromocytoma. Physical examination re- 
vealed a husky and apparently healthy young 
man. The retinae were normal, the lungs clear, 
the heart normal in size, regular and without 
murmurs. Blood pressure readings varied from 
130/90 to 180/110. The abdomen was normal 
and massage of the belly and flanks did not 
produce an attack. No severe paroxysms oc- 
curred spontaneously during this period. X-rays 
and other studies were repeated and found 
normal. The twenty-four-hour excretion of 17- 
ketosteroids was 30 mg. The patient was dis- 


inclined to submit himself to the intravenous 
injection of histamine. 

On the basis of the objectively studied attacks, 
and the lack of evidence of sustained hyperten- 
sion, hyperthyroidism, polyglandular or Cush- 
ing’s disease or brain tumor, the preoperative 
diagnosis of pheochromocytoma seemed justifi- 
able. For three days preoperatively he was given 
a high salt diet with 4 Gm. of additional salt by 
mouth. Desoxycorticosterone, 5 mg., was ad- 
ministered intramuscularly the day before and 
the day of operation. Adrenal cortical extract, 
5 cc., was given intramuscularly during the 
surgical procedure and was repeated immedi- 
ately postoperatively. 

Operation was performed on December 3, 
1946, using a bilateral paravertebral approach 
to the adrenals; we had two surgical teams. 
Anesthesia used was tribromethylene rectalty 
for induction, followed by intratracheal nitrous 
oxide and ether. A pheochromocytoma of the 
right adrenal gland was found that weighed 
24.5 Gm. and had perforated the cortex, which 
was not greatly altered and was left in situ. 
The left adrenal was normal. Blood pressure 
fluctuations during the operation were con- 
trolled with injections of neosynephrine, epine- 
phrine and epinephrine in oil; amyl nitrite 
inhalations were given without noticeable effect 
when the tumor was manipulated. The initial 
blood pressure was 180/100, and there was no 
period of alarming shock. When the tumor was 
handled, the systolic pressure rose to above 300 
mm. mercury and the diastolic pressure was 
260. Immediately after clamping the veins of 
the tumor pedicle the blood pressure dropped to 
120/80. It then stabilized at 130/80 to 150/100. 
Adrenal hormonal therapy was not necessary 
postoperatively. 

He has been seen as late as two years since 
his operation and reports no further attacks. 
His blood pressure is usually 130/70 when 
taken quietly at home but rises as high as 160/90 
when he is examined in the office. He reports 
that he blushes at slight provocation since the 
tumor was removed whereas he had been 
previously untroubled in this way. 

Comment. This patient suffered classical 
paroxysms of the “adrenal-sympathetic 
syndrome,” and after excluding an intra- 
cranial cause for his violent headaches, by 
his owm objective observations he was able 
to decide that he probably had a pheo- 
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chromocytoma. Completely negative re- 
sults in an array of special laboratory and 
x-ray examinations substantiated his con- 
clusion and justified the preoperative diag- 
nosis on a purely clinical basis. He still has 
moderate vasomotor instability which has 
been noted in other cases. 

COMMENT 

Pheochromocytomas are being diagnosed 
preopera tively with increasing frequency. 
The importance of the diagnosis is greater 
now that the operative risk has been re- 
duced by proper medical preparation and 
aid during the surgical and postsurgical 
periods and by added anesthetic and surgical 
experience. Hypertension, paroxysmal or 
sustained, caused by pheochromocytoma 
is promptly corrected by excision of the 
tumor; the effect is apparently lasting. 
The possibility of the presence of adrenal 
medullary tumor should be considered 
whenever the problem of hypertension is 
presented, and exploration of the adrenal 
glands should be part of every operation 
undertaken for the relief of hypertension. 
The use of new procedures such as the 
intravenous injection of histamine or the 
benzodioxane drugs may make the diag- 
nosis simple and certain; experience with 
these tests is limited at present, and in cases 
of very high blood pressure they may be 
dangerous. Since all other tests, including 
x -rays, may be negative in the presence of 
pheochromocytoma, clinical observation re- 
mains the best guide. 

SUMMARY 

dhe clinical syndrome associated with 
tumors of the adrenal medulla (pheo- 
chromocytoma) is discussed with reference 
to the recorded experience in diagnosis and 
treatment. Three new cases at the Stanford 
niversity Hospital and Clinics in a two-year 
period are presented. 
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Treatment of Pernicious Anemia with 
Crystalline Vitamin B.f 

Randolph West, m.d. and Edward H. Reisner, Jr., m.d. 

New York , New York 


S ince the initial publications recording 
the isolation from liver of crystalline 
vitamin B 12, 1 and a positive hema- 
tologic response 2 in Addisonian pernicious 
anemia following the injection of microgram 
doses, several confirmatory reports have 
appeared. These and the various steps 
leading to the discovery of Bi 2 have been 
summarized well in a recent editorial. 3 E. 
L. Smith 4 isolated similar crystals from 
liver, announced that they contained co- 
balt, nitrogen and phosphorus and sug- 
gested a molecular weight of 1,670 for the 
compound. Rickes et al. 5 have found that 
vitamin Bn contains these elements but no 


effective oral dosage of vitamin Bi 2 is being 
studied at other clinics. 

Material Studied. All of the patients had 
classical Addisonian pernicious anemia with 
achlorhydria after histamine, a negative 
gastrointestinal x-ray, a typical blood 
picture and a megaloblastic bone marrow 
smear. All patients with spinal cord lesions 
had normal spinal fluids. While under study, 
the patients were on diets free from liver, 
kidneys or glandular meats and received 
no liver extract, folic acid or vitamin 
preparations. 

CASE REPORTS 


sulfur. Material with the same growth- 
promoting properties as B j2 has been 
isolated from other sources 6 but the crystal- 
line substance as yet has been recovered 
only from liver. 

This paper reports eleven cases of Addi- 
sonian pernicious anemia treated paren- 
terally with crystalline vitamin Bi 2 , including 
the three original cases. 2 All have shown 
hematologic improvement, with blood counts 
rising to normal levels when weekly doses 
of 25 micrograms or less were injected. The 


Case i. A sixty-six year old female was 
admitted to Kings County Hospital because of 
progressive weakness, fatigability, anorexia 
and nausea of two months’ duration. The posi- 
tive physical findings on admission included 
pallor of the skin and mucous membranes, 
flame-shaped hemorrhages in the eye grounds 
and signs of mild congestive heart failure. The 
neurologic examination was normal. The blood 
count on admission was 1,500,000 with 4.00 Gm. 
of hemoglobin. Reticulocytes were 0.4 per cent. 
Five days after a single intramuscular injection 
of 0.15 mg. of vitamin Bi 2 there was a reticulo- 


minimal effective dose has been found to be 
1 microgram a day, intramuscularly. Five 
patients with spinal cord lesions (Cases iv, 
VII1 > ix, x and xi) have shown varying de- 
grees of improvement; none has become 
worse, as has happened at times in treat- 
ment with pteroyl glutamic acid. 7 All of 
t icse patients with spinal cord lesions are 
talking readily today. The effect of vitamin 
12 on the cord lesions of pernicious anemia 
appears promising but only a preliminary 
opinion can be given at this time. The 


cyte response of 27 per cent. The blood count 
rose steadily to 4,500,000 six weeks after this 
one injection. (Fig. 1.) 

Case ii. A fifty-four year old male had 
noticed progressive weakness, pallor, dyspnea 
and precordial pain on exertion for one month 
prior to admission to the First Medical Division 
of Bellevue Hospital. The positive physical 
findings included pallor, lingual atrophy, slight 
enlargement of the heart with signs of mild con- 
gestive heart failure, a smooth liver enlarged 
3 cm. below the rib margin, a palpable spleen 
tip and sluggish deep reflexes. There was no 
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impairment of vibratory or position sense. The 
admission blood count was 1,420,000 with 
6.5 Gm. of hemoglobin. There were 2.8 per 
cent reticulocytes. Five days after a single intra- 
muscular injection of 0.006 mg. of vitamin B 12 
the reticulocytes reached a peak of 26 per cent. 


to be weak and pale with a lemon colored hue 
to the skin, atrophy of the tongue, enlargement 
of the heart and liver and slight diminution of 
the vibratory sense below the knees. Position 
sense and deep tendon reflexes were normal. Her 
mental state was quite confused with alternating 



Fig. 1. Case 1. A sixty-six year old white female with pernicious anemia 
who had a maximal reticulocyte response of 27 per cent five days after 
a single injection of 0.150 mg. of vitamin Bis. She was transferred to 
another hospital where her count was reported to be over 4 million 
without any additional therapy. 


A second injection of 0.50 mg. of Bi« was given 
two weeks after the first one. The red blood cell 
count was 4,750,000 sixty-four days after the 
start of treatment. Two months later it was 
still 4,500,000. (Fig. 2.) 

Case iii. A sixty year old woman was ad- 
mitted to the Fourth Medical Division of 
Bellevue Hospital in a semi-comatose, confused 
state. For twelve years she had been a semi- 
invalid and had taken various forms of non- 
specific anti-anemic therapy. For a month prior 
to admission she had been growing progressively 
weaker and had complained of soreness of the 
tongue and numbness of the fingers and toes. 
On the day before she entered the hospital she 
ate several pounds of liver because she was told 
it would help her. On admission she was found 


periods of euphoria and paranoia. The blood 
count was 1,340,000 with 5.8 Gm. per cent of 
hemoglobin. There was a spontaneous rise of 
reticulocytes to 7.8 per cent four days after ad- 
mission, attributed to the ingested liver. When 
the reticulocytes had dropped to 2.2 per cent, a 
single injection of 0.003 mg. of vitamin B 12 was 
given. This induced a reticulocyte rise to 10.4 
per cent and rapid regeneration of red blood 
cells. Ten days later an injection of 0.05 mg. of 
B 12 was given. With no additional therapy, the 
blood count rose to 4,070,000 thirty-five days 
after the start of treatment. There was an ac- 
companying gain of strength and appetite and 
less mental confusion but ideas of reference 
persisted and she was transferred to the psychia- 
tric service. (Fig. 3.) 
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Case iv. A sixty-nine year old laboring man 
had been admitted to the Fourth Medical 
Division of Bellevue Hospital on five previous 
occasions for hypertensive heart disease, chronic 
pulmonary tuberculosis, chronic alcoholism 
and, in 1947, pernicious anemia which re- 


645 

and the liver was palpable 3 cm. below the costal 
margin. There was absent vibratory sense in 
both forearms and legs and diminished sensation 
to pin-prick in the same areas. The deep reflexes 
in the lower extremities were diminished as was 
also the position sense in the toes. The blood 



B l2 i.tn. B42, im 

Fig. 2. Case 11 . A fifty-four year old white male with pernicious anemia who showed a 
maximal reticulocyte response of 26 per cent five days after a single injection of 0.006 
mg. of vitamin Bj 2 . A second injection of 0.050 mg. sent the blood count to 4,750,000 
sixty-five days after the onset of therapy. 


sponded to folic acid therapy with an 18 per 
cent reticulocyte rise. Following this admission 
e foiled to continue therapy and gradually 
ost strcn gth in early 1948. For a month prior 
t0 the present hospitalization he had a severe 
cough, anorexia, vomiting and dyspnea. For the 
ast two weeks he had been too weak to leave 
* s ro °m and had subsisted mainly on coffee, 
n physical examination he was acutely and 
c ironically ill, with a temperature of 101°F. 

ere was dyspnea and orthopnea, pallor, 
'ogual atrophy and pulmonary emphysema. 

01 st and crackling rales were heard in the left 
°" er lobe. The heart was enlarged to the left 
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count on admission was 2,700,000 with 9.8 Gm. 
per cent of hemoglobin and 1.6 per cent reticulo- 
cytes. The chest x-ray revealed chronic fibroid 
phthisis with superimposed pneumonitis of the 
left lower lobe which gradually cleared under 
symptomatic treatment. Sputum culture was 
positive for tuberculosis. The patient was given 
a daily intramuscular injection of 0.001 mg. 
of vitamin Bi 2 . On the ninth day of treatment 
the reticulocytes were 10.4 per cent. The blood 
count rose gradually and reached 4,470,000 
after fifty-three days during which time there 
was rapid subjective improvement and relief of 
symptoms. Neurologic examination now showed 
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normal pin-prick, vibratory and position sense 
and active deep tendon reflexes. The patient 
was placed on liver extract and transferred- to 
the tuberculosis service. 

Case v. A seventy-five year old woman with 
known pernicious anemia since 1 937 was unable, 


week of this dosage with no effect on the blood 
or reticulocyte levels the daily dose was in- 
creased to 0.0075 mg. A sub-maximal reticulo- 
cyte response of 7 per cent on the seventh day 
of this therapy was associated with extremely 
rapid regeneration of erythrocytes. (Table 1 .) 



Fig. 3. Case vn. A fifty year old white female had pernicious 
anemia. Following a transfusion on admission, there was a spontaneous 
reticulocyte rise which persisted for two weeks. At this time she 
received 5.4 mg. of thymidine. One week later she was given 0.001 mg. 
of vitamin B 12 intramuscularly daily for fifteen days. 


because of crippling arthritis, to come for liver 
injections and, therefore, was admitted to the 
Fourth Medical Division of Bellevue Hospital in 
relapse for the fourth time in June, 1948. On 
admission there was a marked glossitis, pallor 
of the skin and mucous membranes, dilatation 
of the heart, signs of mild congestive heart 
failure and extensive osteoarthritis. Except for a 
moderate diminution of vibratory sense below 
the knees, the neurologic examination was 
normal. The blood count was 1,810,000 with 
8.5 Gm. per cent of hemoglobin and 0.8 per 
cent reticulocytes. Vitamin B 12 was started in 
daily intramuscular doses of 0.0001 mg. After a 


After twenty-three days of this dose a single 
injection of 0.0125 mg. produced no further 
reticulocyte rise, indicating complete previous 
response. The blood count rose rapidly to 
4,400,000 at which time the patient was dis- 
charged thirty-two days after beginning B 12 
treatment on a dose of 0.0075 mg. 

Case vt. A forty-one year old man had 
noticed increasing weakness, anorexia and 
weight loss for six months. For six weeks he had 
noticed dyspnea and anginal pain on exertion 
and after meals. On admission to the Fourth 
Medical Division of Bellevue Hospital the 
positive physical findings included pallor and a 
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Table r 


VITAMIN B12 IN PERNICIOUS ANEMIA 


in^ii 

.Sex 

Age 

Reticulo- 

cytes 

Red Blood Cells 
(millions) 

Type of Treatment 
Administered 

Peak 

Per 

Cent 

Day 

of 

Peak 

At Start 
of 

Treat- 

ment 

Day of Treatment 

1 

5 


15 

20 

25 

30 

35 

40 

50 

60 



1 

66 

27 

5 

1,5 


1,8 

1,9 

2,6 


3,3 







0.150 mg. Bi 2 i.m. J 

11 -B 

M 

54 

26 

5 

2,0 

1,3 

1,9 

2,5 

3,4 

3,4 


1 3,1 

3,4 

1 

3,7 


3,9' 

4,7 

0.006 mg. Bi 2 i.m. on 
3/3/48 

0.050 mg. on 3/16/48 

m-B 

F 

60 

10.2 

■ 

1,7 

1,6 

2,1 

2,5 

1 

2,6 

3,0 

3,2 

3,5 

4,0 

I 

i 


. . . 


0.003 mg. Bj 2 i.m. on 
3/1/48 

0.050 mg. on 3/10/48 

iv-B 

M 

69 

10.4 

■ 

2,4 

2,4 

1 

2,7 

2,9 

1 

3,2 

II 

3,4 

3,5 

. 

3,9 

1 

3,8 

i 

4,4 

’ "l 

1 

0.001 mg. B 12 i.m. daily 
for 47 days 

v-B 

F 

75 

! 7 

7 

' 

2,3 

l 

,2,3 

1 

2,3 

2,3 

11 

2,9 

3,1 

l 3,4 

3,4 

. 

■ 

3,6 

4,2 

| 




0.0001 mg. Bi 2 i.m. daily 
6/14/48-6/20/48 
0.00075 mg. i.m. daily 
6/21/48-7/8/48 

0.0125 mg. in a single 
injection 7/14/48 

vi-B 

M 1 

41 

13.4 1 

8 

1,3 

1,3 

1,5 

1,9 

2,3 

2,2 

2,5 

2,9 

3,3 

4,5 

1 


1 


0.0005 mg. Bj 2 i.m. 
daily 

6/21/48-7/12/48 
0.0125 mg. B jo in a 
single injection 

7/14/48 

vn-B 

vm-P 

F 

50 

10.4 

4 

2,4 

2,4 

2,7 

3,3 

4,2 




! 

1 


! 

_ . 1 

Transfusion 500 cc. 
7/9/48 

Thymidine 5.4 mg. i.m. 
7/26/48 

0.001 mg. B 12 i.m. daily 
8/2/48-8/17/48 

F 

48 

■ 

■ 

H 

B 


3,8 




I 

I 

4,1; 




0.025 mg. B 12 i.m. 
weekly from 7 /21 /48 

1X-P 

F 

50 

29.1 

5 

1,6 

1,6 


3,0 

3,6 

3,7 

I 




5,1 


5,7 

0.150 mg. Co as C 0 CI 2 
i.m. 7/2/48 negative 

1 0.025 mg. B )2 i.m. 
weekly from 7/9/48 

x- P 

xi- p 

M 

M 

57 

14.0 

8 

■ 

I 

I 




4,1 

. . ! 


3,7 

3,7 


4,7 


0.025 mg. B 12 i.m. 
weekly 

44 

9.2 

6 

B 

1 

| 

I 



1 

4,3 




4,6 

5,2 

0.010 mg. B 12 then 0.025 
m g- Bj 2 i.m. weekly 


~ Kings County; B = Bellevue; P = Presbyterian, 
t Or later, 
t Intramuscularly. 
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lemon yellow hue to the skin, lingual atrophy, 
a systolic apical murmur in the heart and a 
liver edge palpable 3 cm. below the costal 
margin. Neurologic examination was normal. 
The blood count was 1,460,000 with 6.0 Gm. 
per cent of hemoglobin and 0.6 per cent reticulo- 
cytes. He was given a daily intramuscular injec- 
tion of 0.0005 mg. of vitamin B 12 for twenty-one 
days. On the eighth day there was a sub-maxi- 
mal reticulocyte response of 13.4 per cent. On 
the twenty-second day a single dose of 0.0125 
mg. of B 12 was injected which was followed by a 
reticulocyte response of 10.4 per cent six days 
later. With no further treatment, the blood 
count reached 4,500,000 forty-six days after the 
beginning of therapy and the patient was dis- 
charged, free from symptoms. 

Case vii. A fifty year old white female 
with pernicious anemia diagnosed two years 
previously had taken liver injections until six 
months before admission. For the last two 
months there had been gradually increasing 
weakness and dyspnea. For four days she had 
had acute weakness, dyspnea, orthopnea and 
dependent edema. On admission to the Fourth 
Medical Division of Bellevue Hospital the 
patient was acutely ill with congestive heart 
failure. The heart was enlarged to the left with 
signs of mitral stenosis. The liver was palpable 
8 cm. below the costal margin. Neurologic 
examination, done after the patient was com- 
pensated, was normal. The blood count on 
admission was 1,610,000 with 7.0 Gm. per cent 
of hemoglobin. She was given a transfusion of 
500 cc. of whole blood on admission which 
brought about a spontaneous reticulocyte rise 
up to 8 per cent. The heart failure was treated 
with oxygen, digitoxin and mercurial diuretics 
and no specific anti-anemic therapy was given 
until eighteen days after admission. At this 
time her blood count was 2,210,000 and reticu- 
locytes were 2.0 per cent. An intramuscular 
injection of 5.4 mg. of thymidine was given with- 
out significant effect on the blood picture. On 
the twenty-sixth hospital day daily injections 
of 0.001 mg. of B 12 were begun. There was a 
prompt reticulocyte rise to 10.6 per cent five 
days later. The red blood cell count rose 
remarkably rapidly and reached 4,550,000 
eighteen days after the start of B J2 therapy. 
There was complete relief of symptoms of 
heart failure at this time and the patient was 
discharged. 

Case vrn. A forty-eight year old woman had 


parasthesias of the extremities for three years 
and difficulty in walking for one year prior to 
admission to Presbyterian Hospital. For the 
last year she had amenorrhea. Positive physical 
findings on admission were limited to the neu- 
rologic system. There was diminished vibratory 
and tactile sensation in the hands and feet, 
positive Romberg, staggering gait, hyperactive 
deep reflexes and normal plantar reflex. The 
red blood count was 3,600,000 with 12.0 Gm. 
of hemoglobin. She was given 0.025 mg. of 
vitamin Bi 2 every week for three months. The 
blood picture was restored to normal in a month 
and there was rapid return of strength and 
subjective improvement. At the end of five 
months of treatment neurologic examination re- 
vealed marked improvement in the Romberg test, 
definite improvement in gait and no change in 
the vibratory sense. 

Case ix. A fifty year old housewife, who had 
suffered from soreness of the tongue and weak- 
ness and numbness of the legs for two months, 
was admitted to Presbyterian Hospital. Physical 
examination disclosed marked pallor, atrophy 
and inflammation of the tongue and vitiligo. 
Vibratory sense was absent below the knees, 
position sense was absent in the toes, reflexes 
were normal, there was no Babinski reflex and 
the Romberg test was slightly positive. Initial 
red blood cell count was 1,600,000 with 6.5 Gm. 
of hemoglobin; 150 micrograms of cobaltous ion 
(as chloride) was given intramuscularly with no 
hematologic response. A reticulocyte count of 
29.1 per cent was recorded five days after an 
injection of .025 mg. of vitamin B 12 . Thereafter, 
she received a similar dose of B 12 weekly. 
The blood picture returned to normal at the end 
of six weeks and there was accompanying sub- 
jective improvement. After four months the 
Romberg test was negative; position sense was 
improved but vibratory sense was still diminished 
to absent in the lower extremities. 

Case x. A fifty-seven year old white man 
had been treated for pernicious anemia for 
three years. During the first two years he was 
treated by a doctor with both liver extract in- 
jections and oral folic acid. For the last year the 
patient had treated himself with folic acid, 
taking about 3,000 mg. by mouth in that time. 
Two weeks before his admission to Presbyterian 
Hospital he noticed paresthesias of the hands 
and feet and an unsteady gait. The positive 
physical findings were absent vibratory and 
position sense in the lower extremities, normal 
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Babinski, deep tendon reflexes and a markedly 
positive Romberg. The red blood count was 
3,300,000 with 11.0 Gm. of hemoglobin. There 
was an excellent hematologic response to 
.025 mg. weekly of vitamin B 12 with accom- 
panying clinical improvement. (Table 1 .) After 
3 months of treatment the Romberg test was 
questionably positive and there was marked 
improvement of gait but vibratory sense was 
still absent below the knees. 

Case xi. A forty-four year old white male 
had complained of impotence, leg paresthesias 
and difficulty in walking for six months. 
Recently he had noticed clumsiness and numb- 
ness of the hands. Four days before admission 
to Presbyterian Hospital he developed a pro- 
ductive cough and fever. On admission he was 
acutely ill with signs of consolidation of the left 
lower lobe. The neurologic examination showed 
a strongly positive Romberg, absent vibratory 
sense in the lower extremities and a Babinski 
reflex on the right side. The initial blood count 
showed 2,500,000 erythrocytes, 8.5 Gm. of 
hemoglobin and 9,000 leukocytes. The sputum 
contained Streptococcus viridans and Hemo- 
philus influenzae. After two weeks of penicillin 
therapy his temperature returned to normal. 
He was given an initial dose of 0.010 mg. of 
vitamin B 12 and .025 mgs. weekly thereafter. 
The blood count returned to normal rapidly. 
(Table 1 .) After seven months the Romberg 
test was slightly positive, there was no Bab- 
inski reflex and vibratory sense was still absent 
from the lower extremities. When last seen the 
patient’s gait was steady and he felt well. 

COMMENTS 

The discovery of cobalt in vitamin B 12 is 
of great interest because that element had 
previously been implicated in hematopoie- 
sis. The available literature on this subject 
has been summarized by several authors. 8 ' 9 
The salts of the metal alone given to one 
of our patients (Case xx) were without effect. 
Studies with salts of radioactive cobalt have 
shown that after parenteral injection they 
are recoverable in part in the stomach con- 
tents of cattle 10 and are stored in greatest 
concentration in the liver, pancreas and 

idneys, respectively. Cobalt must enter 
t ie body from without, but there is no 
parallelism between the cobalt content of 
«ay, 1949 
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foods and their content of extrinsic factor, as 
shown in a study by Morris. 11 

The question will be raised at once where 
B 12 fits into our present knowledge of hema- 
topoiesis and what relationship it bears to 
two other crystalline substances with anti- 
pernicious anemia activity, thymine 12 and 
pteroyl-glutamic acid. 13 

Thymine can replace folic acid in the 
growth requirements of certain bacteria 
in a ratio of 3, 000:1. 14 Thymine in the same 
high proportions (12 to 15 Gm. per day) 
will maintain patients with pernicious 
anemia in hematologic remission but, like 
folic acid, it has no favorable effect on the 
cord lesions of that disease. 15 From this it 
appears that folic acid may act as a co- 
enzyme in the metabolism of thymine. 
Wright et al. 16 have reported that thymi- 
dine (thymine desoxyriboside) in com- 
paratively high concentrations can replace 
vitamin Bi 2 in the growth of Lactobacillus 
lactis and conclude that vitamin B 12 may 
function as a coenzyme in the conversion of 
thymine to thymidine. Thymidine (5.4 
mg.) given to the patient in Case vxi pro- 
duced a rise in reticulocytes from 2.0 to 
5 per cent but caused no significant change 
in the blood level. With the subsequent 
administration of 1 microgram a day of 
vitamin B 12 , the blood count returned to 
normal in fifteen days. 

CONCLUSIONS AND SUMMARY 

1. Eleven patients with Addisonian per- 
nicious anemia have been treated with 
crystalline vitamin Bi 2 . All have shown 
complete hematologic remission. Five pa- 
tients with combined system disease have 
shown marked improvement in their neu- 
rologic condition. 

2. The effective parenteral dose has been 
found to be slightly less than 1 microgram 
of crystalline vitamin Bj 2 a day. 

3. The current status of our knowledge 
of the relationship of thymine, folic acid, 
cobalt and vitamin B 12 is discussed. 

4. It would appear that vitamin B i2 is 
probably the erythrocyte maturation factor 
of liver. 



6 5 o 
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William Dock, Professor of Medicine, Long 
Island College School of Medicine, for per- 
mitting the inclusion of Case i and to Dr. 
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Seminars on Congestive Failure 


Cardiac Venous Congestion* 

Its Causes and Consequences 


John McMichael, m.d., f.r.c.p. 

London, England 

“If then, Socrates, we find ourselves in many points unable to make our discourse . . . 
in every way wholly consistent and exact, you must not be surprised. Nay, we must be 
well content if we can provide an account not less likely than another’s.” 

Plato, “The Timaeus” — A. E. Taylor’s Translation 


T he straightforward idea that blood 
is dammed up in the veins behind 
a failing heart and that, in conse- 
quence, fluid leaks from the capillaries 
under pressure has an attractive simplicity. 
The vital machinery of the body, however, 
is much more complex, and this simple 
view is no longer adequate to explain all 
the observable phenomena. 

There is a good deal of loose thinking 
concerning the way in which an increase or 
a decrease in cardiac output reacts on the 
venous pressure. It is commonly remarked 
that when the cardiac output increases the 
venous pressure falls, as though the blood 
were lifted out of the venous system and 
transferred into the arteries. It is clear, 
however, that the rate of removal of blood 
from the central end of the veins must equal 
the rate of inflow into the veins at the 
peripheral, end. The volume of blood 
within the veins will thus remain un- 
changed. There is no fundamental reason, 
therefore, why an increased minute volume 
of the circulation should make any differ- 
ence to the general venous pressure unless 
the capacity of the venous system is changed 
by some alteration in tone of the vein walls. 

The pressure gradient in the veins, how- 
ever, may alter with an increase in cardiac 
output, a higher pressure occurring at the 
peripheral end of the venous system and a 
ower pressure at the centre. In heart 
ailure, with decreasing blood flow, diminu- 
tion of the pressure difference between 
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peripheral and central veins is a natural 
consequence. 25,48 Numerous instances can 
be quoted in which acutely produced 
changes in cardiac output are not accom- 
panied by simple consequential changes 
in the central venous pressure. The follow- 
ing may be cited as examples: (1) Adren- 
aline has been shown to increase the cardiac 
output in normal man without significant 
change of venous filling pressure. 37 (2) 
Venous pressure changes induced experi- 
mentally usually influence the cardiac out- 
put in a parallel direction, i.e., a rise in 
venous pressure causes a rise in output, 
while the converse result occurs when 
the venous pressure is reduced (Starling’s 
Law). 28,37,45 

It is therefore not justifiable to assume 
that increased minute volume of the circula- 
tion is necessarily accompanied by a passive 
fall in venous pressure. Should the venous 
pressure fall be primary, the cardiac output 
may well be reduced. 

As a result of studies on cardiac output 
with the technique of cardiac catheteriza- 
tion it is now widely realized and accepted 
that the rise of venous pressure in heart 
failure is not a simple direct mechanical 
consequence of a low heart output at 
rest. 33,35,46,61 In the early stages of congestive 
heart failure the output of the heart is often 
within normal limits when the venous 
pressure is raised. 33,61 A large group of 
patients (emphysema, anemia, beri-beri, 
etc.) may present the phenomena of venous 
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engorgement and accompanying oedema 
and yet have a high cardiac output. 36 ' 46,61 
In such patients the raised venous pressure 
cannot be the result of inadequate pumping 
of blood by the heart. 

We are thus compelled to reconsider the 
whole problem of cardiac venous congestion 
along new lines. We have briefly mentioned 
the way in which change of cardiac output 
and blood flow may affect the gradient of 
venous pressure, and further consideration 
of the influence of a failing heart on the 
venous pressure will be outlined below. 

The major factors influencing venous 
pressure are: (1) the tone of the vein, walls 
and (2) the volume of blood within the 
veins. Of these the first is probably the more 
important physiologically, as it is more 
adaptable to rapid adjustment. 

VENOM OTOR REGULATION* 

The venous system can no longer be con- 
sidered as a system of passive tubes leading 
blood back to the heart. It is a matter of 
common clinical experience to observe the 
contractile character of the veins. We have 
all made use of the tapping process in order 
to dilate a contracted vein, the so-called 
“Klopfversuch” of Goltz. 18 Similarly, in 
the terminal stages of heart failure, when 
the central veins in the neighbourhood of 
the heart are grossly engorged, everyone has 
had the experience of inability to find an 
arm vein sufficiently large for insertion of 
a needle. 

In 1890 Roy and Sherrington 61 showed 
that “there are in the vago-sympathetic 
nerves descending fibres, section or stimula- 
tion of which can produce either a rise or a 
fall of the general venous pressure.” Done- 
gan 11 observed contraction of the veins of 
the legs in response to stimulation of the 
sciatic nerve. This contraction was appar- 
ently mediated by the sympathetic, fibres 

* In this brief account of venous pressure regulation 
the influence of such mechanical factors as limb muscle 
movements and respiratory variations is omitted. These 
influences are of a transient nature and cannot play any 
part in the production of the sustained rise in venous 
pressure in heart failure. 


carried in the nerve. In man, Lewis and 
Landis 29 observed dilatation of the veins 
of the arm and hand following sympath- 
ectomy, and this relaxation of the vein walls 
was shown to be independent of the local 
temperature. There is good evidence that 
these venomotor nerves are connected to a 
regulating centre closely associated with the 
other vasomotor regions in the central 
nervous system. Doupe, Krynauw and 
Snodgrass 12 were able to demonstrate con- 
striction of an isolated section of an arm 
vein in man during exposure of the rest 
of the body to cold. Fleisch 14 and Goll- 
witzer-Meier and Bohn 17 showed that the 
inhalation of carbon dioxide brought about 
contraction of an isolated segment of vein 
with intact nervous connections but not 
exposed to the change in blood-gas content. 
Fleisch 15 was also able to demonstrate that 
a rise in pressure in the carotid sinus 
produced dilatation of the veins of the 
mesentery, while Charlier and Philippot 6 
have recently demonstrated that reduction 
of pressure in the carotid sinus is accom- 
panied by a rise in pressure in the right 
auricle with an increase in cardiac output 
in the dog. 

An observation by Riml 49 is also of 
interest. When the pulmonary artery of a 
rabbit is tied and the cardiac drive to the 
circulation ceases, half the animal’s blood 
volume may flow out of the veins near the 
heart when these are incised; prior to 
incision the pressure rises steeply. In the 
absence of any systolic ejection into the 
arteries, this rise of pressure in the venous 
system can only result from contraction 
of the veins and venules. This is probably 
another illustration of increased venomotor 
tone resulting from cutting off the cerebral 
blood supply. 

These examples make it clear that the 
tone of the muscular walls of the veins is 
subject to venomotor regulation. The gen- 
eral rule which seems to underlie the 
venomotor reflexes in the data given above 
is that a rise of venous pressure occurs when 
there is need for a greater cerebral circula- 
tion and, conversely, a dilatation of the 
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veins and fail in venous pressure results 
when the pressure in the carotid artery is 
high, while the opposite occurs when the 
pressure is reduced. In these particular 
instances it would appear that the rise or 
fall of venous pressure may influence 
cardiac output in an appropriate direction, 
greater cardiac output being brought about 
when this is needed. 


starling’s law of the. heart 


The direct relationship between venous 
pressure and cardiac output (Starling’s 
Law), implicit in the above remarks on 
venous pressure regulation, requires some 
further elaboration. 

The principle established by Starling and 
his collaborators 40 was that the strength and 
magnitude of systolic ejection (stroke out- 
put) is dependent upon the length of the 
cardiac fibres in diastole. Although there 
was a general relationship between the 
filling pressure of the right auricle and 
cardiac output, Starling himself did not 
think that the diastolic fibre length was 
solely determined by the pressure within 
the ventricle at the end of diastole. His 
methods, however, were probably not 
adequate; and when Wiggers 67 re-studied 
the problem later, it was found that the 
diastolic filling pressure was, in fact, the 
decisive factor. 


Starling’s Law was, of course, worked out 
on isolated hearts freed from other influ- 
ences, nervous and hormonal. The direct 
relationship between venous filling pressure 
and cardiac output has often been demon- 
stiated in man. 28 ' 37,45 Bleeding to a sufficient 
degree may reduce the cardiac output con- 
siderably while saline infusions may increase 
It "' 7 The stroke output has been shown to 
vary with the “net filling pressure” accom- 
panying the changes of the respiratory 
cycle. 45 Sometimes, however, the expected 
relationship between cardiac output and 
. ln §> pressure may not be demonstrable in 
mtact man. 04 This is scarcely surprising 
as the presence of other nervous and 
mmol al controlling influences may make 
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the maintenance of standard conditions of 
cardiac contractility impossible. 

While there is considerable unanimity of 
opinion that the cardiac output is reduced 
when the diastolic filling pressure is low 
in various conditions of “shock,” 45 it is not 
at all clearly established that a rise in 
venous pressure is a primary factor in 
determining increased cardiac output under 
physiologic stress. In exercise, for example, 
it seems to be well established that the 
venous pressure may not rise much 63 and 
may even fall 27 while the heart may not 
enlarge significantly until the exercise be- 
comes severe. 30 Thus the first mechanisms 
which bring about an increased cardiac 
output in health are probably cardio- 
acceleration and increased emptying of 
residual blood from the ventricles. 30 There 
is now strong evidence that the ventricles 
do in fact contain blood at the end of a 
normal contraction. This has been demon- 
strated by a discrepancy between the heart 
volume and stroke output. 31,32 Lysholm and 
his collaborators found the average heart 
volume in normal recumbent subjects to 
be 630 cc. If we take a stroke output of 
80 cc. from each ventricle, the heart volume 
at the end of systole will be 630 — 160, i.e., 
470 cc. As the specific gravity of heart 
muscle is slightly greater than unity, the 
volume of the heart muscle is unlikely to 
exceed 300 cc. in a heart of normal weight. 
This leaves a residual blood of 170 cc. 
which is probably more than can be ac- 
counted for in the auricles. Cournand 9 has 
observed that a premature beat may eject 
blood even though the premature contrac- 
tion begins when the pressure in the ventri- 
cle is still too high for blood to have flowed 
in from the auricles. 

It has been shown 30 that the heart volume 
in healthy young men may scarcely increase 
at all with moderate work while heavy work 
produces, on the average, a 12.7 per cent 
enlargement. Immediately after exercise 
the heart volume usually decreases below 
the control value. It is highly probable 
therefore that the venopressor mechanism 
for increasing cardiac output by elongation 
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of the myocardial fibres only comes into 
action in severe physical effort while in the 
earlier stages of work the cardiac output is 
increased by other mechanisms — nervous 
and humoral. 

When the heart is “decompensated,” 
however, a sustained and considerable rise 
in venous pressure takes place in exercise 
which persists after exercise is over. 53 This 
is in contrast with the slight rise followed 
immediately afterward by a fall occurring 
in normal healthy subjects. 63 A raised 
venous pressure occurs in patients with 
severe anemia in whom the cardiac output 
is high at rest. 54 Although this raised venous 
pressure may be regarded as “compensa- 
tory,” it must, in fact, be the last resource 
of the compensating mechanisms, for a 
further rise in venous pressure in such 
patients is likely to induce a. fall in cardiac 
output 56 together with pulmonary conges- 
tion and various signs of heart failure. It is 
clear then that anemic hearts compensated 
in this manner are, in fact, on the very 
brink of failure which may readily be pre- 
cipitated by slight further increases in 
venous filling pressure. 

Venopressor adjustments are therefore 
to be regarded as subsidiary mechanisms 
in health, coming into action only in the 
later stages of severe muscular effort. They 
come into action more readily in heart 
disease but their development is an indica- 
tion of the imminence of heart failure. . 

RISE OF VENOUS PRESSURE IN CARDIAC FAILURE 

Experimental. Starr and his co-workers 59 
have produced severe damage to the right 
ventricle by burning in dogs without any 
consequent rise of venous pressure. Roos and 
Smith 50 showed that it was possible to get 
some rise in venous pressure by emboliza- 
tion of the coronary arteries with starch 
granules. Very severe diffuse embolization, 
however, was necessary and unfortunately 
no observations on change in cardiac output 
were made. The venous pressure rises 
achieved were modest, ranging from 1.5 to 
3 cm. of water. Landis and his collabo- 
rators 27 have also produced impairment of 


myocardial capacity for work by ligating 
coronary arteries and by experimental 
auricular fibrillation. Neither of these 
methods leads to a rise in venous pressure 
at rest. Prinzmetal 42 has also noted the 
absence of venous congestion as a result of 
extensive coronary ligation. When animals 
with these impaired hearts, however, are 
subjected to exercise, the venous pressure 
rises. This was in contrast with the fall in 
venous pressure which occurs normally in 
exercise. 27 In animals with pericardial 
tamponade the raised venous pressure was 
found to fall somewhat in exercise, but this 
was an inconstant result, and in one exam- 
ple in the paper by Landis et al. 27 the 
increased arterial pulse pressure suggested 
that the cardiac output did, in fact, increase 
during the exercise. Inability to increase 
cardiac output adequately during exercise 
is probably an early mechanism inducing 
a rise in venous pressure. (Fig. 1.) 

Clinical. In the introductory section 
reasons were given for discarding the old 
view that blood is simply dammed up 
behind the failing chamber, the most cogent 
of which was the observation that all the 
phenomena of heart failure may appear 
with an output raised above the normal. 

Among the explanations offered to ac- 
count for raised venous pressure in heart 
failure is an increase in blood volume. 
There is a considerable body of evidence 
that the blood volume is increased; 16 and in 
spite of criticisms concerning the validity 
of the dye method 41 in the presence of 
large volumes of oedema fluid into which 
leakage of the dye may take place, the 
evidence must be accepted as adequate. It 
has frequently been observed that some 
concentration of the blood takes place 
during recovery from cardiac failure. 
Landis and his group, however, have shown 
that an increased blood volume is by itself 
inadequate to maintain a raised venous 
pressure in animals in which the circulation 
is otherwise normal. 27 In the presence of 
heart failure, however, saline infusion will 
produce a maintained rise in venous pres- 
sure, 47 a finding in contrast with the rapid 
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restoration of venous pressure toward nor- 
mal in otherwise healthy subjects. It seems 
unlikely then that a raised blood volume is 
an important primary event in raising 
venous pressure but its secondary develop- 
ment in the presence of a failing heart 


in response to tissue needs at a higher level 
of cardiac output . 61 The venopressor reac- 
tion may be induced, perhaps, by local 
metabolic changes of an “asphyxial” char- 
acter in the venomotor centre. 

The manner in which the venous pressure 
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may play some part in sustaining venous 
congestion. 

There are numerous instances, however, 
m which a raised venous pressure may 
develop so rapidly that increased blood 
volume cannot be invoked to account for it. 
An example of this occurs in traumatic 
pericardial haemorrhage . 66 Here there is 
probably a reduced blood volume but the 
venous pressure is raised to a level adequate 
to maintain filling of the heart against the 
external pressure exerted by the effused 
blood. Similarly, there is evidence that the 
lood volume in some cases of severe 
anemia is reduced, but in spite of this the 
'enous pressure is often raised . 54 In the 
absence of a blood volume increase as an 
mitiating mechanism we must postulate the 
mtmemum of a venopressor adjustment. 
n high output” failure the venopressor 
mechanism is probably brought into action 
» ay , 1949 


first rises in failure accompanying valvular 
hypertensive and ischemic heart disease 
(low output group) is a matter still some- 
what difficult to analyze. Perhaps the clue 
is to be found in studies of the reaction to 
exercise. It was found by Schott 53 that 
exercise was accompanied by a gross and 
prolonged rise in venous pressure in cardiac 
patients. This contrasts with normal sub- 
jects in whom the venous pressure rises only 
slightly during the muscular movements, 
falling below normal immediately the 
exercise is over . 63 Hickam and Cargill 20 
have shown that the cardiac output often 
fails to rise or may even fall during exercise 
in cardiac patients when the systemic venous 
pressure is considerably raised above the 
pre-exercise level. It would appear, there- 
fore, that a venopressor reaction in response 
to an inadequate cardiac output during 
exercise can be regarded as one important 
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way in which the venous pressure is raised. 
The well known beneficial value of com- 
plete bed rest in the early stages of cardiac 
failure fits very well with the concept that 
effort and exercise are important in initi- 
ating venous congestion. 

Once the venopressor mechanisms are 
brought into action by an inadequate 
circulation they may at first play a part 
in maintaining compensation. This is, 
perhaps, best seen in the high output group 
in which lowering of the venous pressure 
may be accompanied by a decrease in a 
desirably high cardiac output. A further 
rise in venous pressure, however, is likely 
to be harmful, 86 depressing the cardiac 
output below the optimum level in the 
manner demonstrated by Starling when he 
overloaded the isolated heart. 23 

In the low output group the clearest 
evidence of the overloading effect of a 
raised venous pressure is obtained by 
observing the influence of a venesection. 23 
In practically every instance simple me- 
chanical reduction of venous pressure so 
induced leads to an increase in the cardiac 
output with an increase in the external 
work of the heart of some 20 to 40 per cent. 23 
Conversely, the danger of transfusions in 
patients with heart failure is well known. 
In Hickam and Cargill’s observations of 
the fall in cardiac output with the raised 
venous pressure of exercise it is possible to 
apply the interpretation that the heart had 
been subjected to a mechanical venous 
overload. 

This patholQgic reversal of the normal 
relationship between venous filling pressure 
and cardiac output may bring about a 
vicious circle in heart failure; the raised 
pressure tends to keep the output down 
while the low output will keep the veno- 
pressor mechanism in action. (Fig. 1.) In 
the early stages venesection is beneficial. 
Patients themselves have found how to 
induce relief by adopting the upright posi- 
tion, a measure which reduces the pressure 
in the right auricle, particularly in par- 
oxysmal nocturnal attacks of failure. 


INTERPRETATION OF CHANGES IN CARDIAC 

OUTPUT AND VENOUS PRESSURE IN HEART 
FAILURE 

The importance of venomotor mecha- 
nisms adaptable to the circulatory condi- 
tions has been emphasized. The possibility 
has to be kept in mind that certain phar- 
macologic substances may have important 
influences on the venous pressure with 
secondary consequences on the cardiac 
output. When therapeutic measures in 
heart failure lead to a rise in cardiac output 
and a fall in venous pressure, there are two 
alternative explanations: (1) Evidence is 
abundant that in low output heart failure 
a primary reduction of venous pressure 
such as that brought about by venesection 
will lead to an increase in cardiac out- 
put. 23,46,62 (2) When the circulation has 
been inadequate and the venous pressure 
is raised in consequence, a primary change 
in the heart itself leading to increased out- 
put may have as a result a diminution of 
venomotor tone and a fall in venous pres- 
sure. The interpretation of the mode of 
action of certain drugs used in treatment 
remains a matter of some difficulty in con- 
sequence of these two alternatives. 

It has been shown that mersalyl reduces 
the venous pressure and raises the cardiac 
output during mercurial diuresis. 34,43 There 
is no pharmacologic evidence to suggest 
that mercurials have a primary action on 
cardiac contractility and the most reason- 
able interpretation is therefore a venesec- 
tion-like action resulting from blood volume 
reduction at the peak of the diuresis. 

Theophylline also lowers the venous 
pressure within a few minutes of injection 
and this is accompanied by a very con- 
siderable rise in cardiac output 21 particu- 
larly in hypertensive cardiac failure. The 
rise in output has been found to be con- 
siderably greater than would be expected 
from simple mechanical reduction of venous 
pressure, and this action is therefore inter- 
preted as being mainly the result of 
an adrenaline-like stimulation of cardiac 
contraction. 
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The actions of the digitalis series have 
been much more difficult to interpret on 
the evidence obtained from clinical experi- 
ment . 3 ’ 23,36 ' 60 Venous pressure and cardiac 
output effects are quantitatively similar 
after digoxin and venesection . 23 There is a 
considerable consensus that digitalis has a 
slight but consistent primary venous pres- 
sure lowering action in normal animals and 
man , 5,10,24,52,70 and this action has been 
regarded as responsible for the fall in 
cardiac output which takes place when 
digitalis is given to normal animals and 
man . 36 From what has already been said 
about venesection such a venous pressure 
reducing action might well play a part in 
producing the cardiac output improvement 
which follows the administration of digitalis 
to many patients with low output heart 
failure. 

Further work with ouabain , 3,34 however, 
shows that the stimulating action of this 
glycoside on cardiac contractility in the 
failing human heart is very striking, and in 
many instances a rise in output precedes 
significant venous pressure reduction. A 
similar stimulating action of digoxin, though 
presumably present, has been much more 
difficult to demonstrate by clinical experi- 
ment. There are many instances in which 
digoxin appears to have brought about a 
fall in venous pressure with no significant 
change or even with a reduction in cardiac 
output . 22,60 It cannot, therefore, be claimed 
that the venous pressure falls as a simple 
secondary consequence of an increasing 
cardiac output. Quite a small initial fall in 
venous pressure induced by digoxin in 
favourable circumstances may induce a 
caidiac output rise and break the vicious 
circle of cardiac failure. It is difficult to 
escape the conclusion that there are two 
separate actions of the digitalis series which 
m uence cardiac contractility: one is the 
stimulating action seen in certain types 
0 failing myocardium and which is par- 
ticularly well seen with ouabain; the other 
IS ^ ycnous pressure reducing action, more 
stri 'ingly seen with digoxin than with 
°»abain. 
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There are instances in which both venous 
pressure and cardiac output seem to be 
completely refractory to the cardiac gly- 
cosides . 68 The significance of this group is 
not at all clear. It includes instances of 
anemic heart failure and cases in which the 
venous pressure has been artificially raised 
by salt and D.G.A. Wood 68 suggests that 
these cases may not be in true heart failure, 
but similar refractoriness may be seen in 
advanced heart failure and in aortic valve 
disease particularly. Sometimes the venous 
pressure reducing action of digitalis may be 
apparently offset by a pronounced effect of 
the drug in raising the arterial pressure . 70 

LEFT HEART FAILURE 

When the left ventricle fails primarily, a 
stage may be seen in which venous engorge- 
ment affects the pulmonary vessels only 
while the systemic venous pressure may not 
be raised outside normal limits. In this 
state of affairs it seems probable that 
pulmonary venous engorgement is brought 
about by an initial lack of balance between 
right and left heart output. The imbalance 
can continue only until the pulmonary 
veins are sufficiently engorged and the pres- 
sure within them becomes high enough to 
drive the left heart to put out a volume of 
blood equal to that of the right. Pulmonary 
engorgement is a necessary accompaniment 
and leads in the first instance to a dimin- 
ished vital capacity and later to lung 
oedema. The engorgement of the lung 
vessels is a major factor in the production of 
dyspnoea (difficult breathing ). 7 

The rise of pulmonary venous and capil- 
lary pressure may be responsible for the rise 
in pulmonary arterial pressure 19 recorded 
by Bloomfield and others 2 and by Hickam 
and Cargill 20 in left heart failure. This 
pulmonary arterial pressure rise is reduced 
by digoxin 9 and is apparently elevated by 
ouabain , 3 which is a further interesting 
point of difference in the action of these two 
glycosides. 

Attacks of acute left ventricular failure 
are accompanied by further elevation of the 
arterial pressure, the so-called “FToch- 
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druckstauung” of the Germans. Whether 
this is the cause or consequence of the 
attacks of failure is not yet clearly defined. 

TRICUSPID INCOMPETENCE 

The venous pressure change which takes 
place as a result of relative insufficiency of 
the tricuspid valves has certain special 
features. The right ventricle and auricle 
become functionally a common chamber. 
During ventricular systole the pressure rises 
to a high level; this is transmitted into 
the great veins near the heart with accom- 
panying pulsatile swelling of the liver. It has 
recently been shown that the pressure 
beyond the last competent valves in the 
venous system may be considerably lower 
than the mean pressure in the central 
veins . 2,55 This means, in effect, that blood 
is held up in the peripheral veins during 
ventricular systole and flows into the central 
venous pool in intermittent squirts during 
relaxation of the right ventricle. The last 
competent valves in the systemic veins proxi- 
mal to the heart in fact replace the tricuspid 
valves. 

Tricuspid incompetence may occur only 
in the last stages of heart failure but some- 
times it may be present for years in patients 
who remain ambulant and who may be 
aware of relatively little breathlessness. 

CARDIAC OEDEMA 

The relationship of oedema to raised 
venous pressure remains a perennial prob- 
lem. Undoubtedly hydrostatic factors are 
important in increasing the rate of filtration 
from the capillaries but it seems impossible 
to account for oedema on this factor alone. 
There is no relationship between the 
severity of oedema and the rise in venous 
pressure . 1 Gross rises of venous pressure 
have been produced in recent years by 
various operations designed to limit the 
spread of venous thrombosis and conse- 
quent embolism. Ray and Burch 44 have 
studied such cases following ligature of the 
iliac veins and the vena cava. Although 
the pressure in the veins of the legs was 
often enormously increased and sometimes 


there was considerable accompanying 
oedema, it was observed that the venous 
pressure often remained considerably raised 
in the veins of the foot at a time when 
oedema was disappearing. 

A recent attempt to explain some of the 
discrepancies has been made by Merrill . 38 
It was found that the kidney blood flow was 
grossly reduced in heart failure; as a result 
of this there was a diminished volume of 
glomerular filtrate and a very considerable 
reabsorption of water and salt occurred in 
the normally functioning tubules. This led 
to a slowly accumulating salt retention and 
consequent increase in the water and salt 
content of the body with developing oedema. 

Of the increased retention of salt in heart 
failure there can be no doubt, but whether 
it is entirely accounted for by primary 
reduction in renal blood flow and glomer- 
ular filtration rate, as suggested by Mokotoff 
and his colleagues , 39 is a matter of doubt. 
Similar reductions of cardiac output and 
renal blood flow are seen in patients with 
myxoedema 8 in the absence of symptoms 
and signs of congestive failure. Similarly 
the hypothesis of diminished renal . blood 
flow is somewhat strained when patients 
with so-called “high output heart failure” 
are considered. In severe anemia the renal 
plasma flow is normal although the blood 
flow may be slightly reduced. In other 
instances it is thought by Stead and his 
school 60 that the renal blood flow may 
become inadequate during daily work 
although it may be nearly normal at rest. 
These ingenious explanations may account 
for some of the discrepancies but a great 
deal more work is needed before we can 
reach a final assessment of the role of salt 
retention. 

Other factors to be considered in cardiac 
oedema besides raised venous pressure and 
salt retention include: 

Tissue Tension. When a normal indi- 
vidual stands upright, a certain amount 
of swelling of the lower limbs will occur, but 
this swelling does not exceed certain 
physiologic limits. These limits are imposed 
by tissue capacity and resistance to further 

AMERICAN JOURNAI. OF MEDICINE 



Cardiac Venous Congestion — Me Michael 


swelling. For cardiac oedema to develop 
something has to happen in the subcuta- 
neous tissues to make them accommodate 
large quantities of fluid. What the process 
is is not yet clear. It may be partly ac- 
counted for by the tissue wasting which 
occurs in heart failure. Most oedematous 
patients show considerable loss of tissue, 
easily visible above the swollen parts of the 
body. 

Diminution of Colloid Osmotic Pressure. 
The concentration of proteins in the plasma 
is often somewhat, reduced and this no 
doubt contributes to the ease of filtration 
of fluid through the capillary walls. 

Increased Extravascular Accumulation of 
Metabolites. In healthy man during exer- 
cise the increased formation of chemical 
products of low molecular weight in the 
active tissues tends to draw fluid from the 
blood stream. A similar process may play a 
part when the cardiac patient tries to take 
exercise, and furthermore a final equi- 
librium may not be so quickly established 
owing to the sluggish circulation. 

Increased Permeability of Capillaries. This 
theory has often been invoked to explain 
cardiac oedema. Most of the old experi- 
ments on which this hypothesis was based 
involved the effect of total deprivation of 
oxygen on the capillary walls. 26 We now 
know that circulating blood in heart failure 
often returns to the right heart nearly half 
saturated with oxygen even in the late 
stages of heart failure. It would be difficult, 
therefore, to support the hypothesis that 
oxygen lack plays any importar* part in the 
production of increased capillary perme- 
ability. The protein content of oedema 
fluid does not suggest excessive permeability 
to protein. G5 Smirk 58 thinks that water and 
salts may pass through the capillary wall 
moie easily and more quickly in congestive 
failure. 

SOME OTHER CONSEQUENCES OF VENOUS 
CONGESTION 

The liver often becomes swollen and the 
tenninal picture of engorgement with dis- 
appearance of liver cells in the centres of 
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the lobules is well known. It is doubtful, 
however, if the degeneration of liver cells is, 
in fact, a consequence of pressure effects. It 
is more likely, as Bolton 4 pointed out many 
years ago, to be the result of diminished 
blood flow through the liver. Jaundice is 
frequently present to a slight degree (serum 
bilirubin 1 to 2 mg. per 100 cc.) in the last 
stages. Sometimes it may become severe 
and the mechanism of this jaundice is still 
a matter of some perplexity. It has been 
thought that it results from the breakdown 
of red cells in infarcts in the lungs but there 
are many instances in which lung infarcts 
are present with no very significant degree 
of jaundice and conversely. Poor function 
of the liver may be suspected as a result of 
the diminished blood flow. A third factor 
which may be important is excessively high 
intravascular pressure within the liver 
itself which may interfere with the escape 
of bile from the channels between the liver 
cells. 57 It is highly probable that various 
factors are combined and that no single 
explanation is adequate. In advanced cases 
of long continued liver congestion a form of 
cardiac cirrhosis may develop. Often at 
this stage the jaundice is mild or slight but 
persistent ascites may become part of the 
picture. This is a well known phenomenon 
in constrictive pericarditis in which the 
occurrence of oedema and ascites is out of 
proportion to the dyspnoea. 

The kidney in addition to circulatory 
disturbances already described becomes 
grossly congested. Leakage of albumin then 
occurs into the urine, often with the appear- 
ance of red cells as well. 

CONCLUSION 

A mechanism by which the venous pres- 
sure may be raised in heart failure is sum- 
marized in the diagram, and the evidence 
supporting this conception has been sum- 
marized. The writer realizes that there are 
still numerous perplexing difficulties sur- 
rounding the whole problem. He has 
thought it better, however, to define what 
seems to be a reasonable line of thought in 
keeping with the majority of established 
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facts rather than to overload the argument 
with conflicting and confusing ideas. In 
some cases the interpretations may be 
purely personal but in most instances the 
observations on which they are based have 
been substantiated by clinical experience 
and experiment. The writer expresses the 
deepest gratitude to all his collaborators and 
to many fellow workers in the same field in 
different parts of the world who, by con- 
tinuous generous interchange of ideas, have 
helped to mould these opinions. 
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Gastric Secretory Response to Intra- 
venously Administered Amino Acid 
Mixtures. Paul R . Sharick, M.D. (by 
invitation ) and Darrell A. Campbell , M.D., 
Eloise, Michigan. 

Individual amino acids given intravenously 
produce hypoglycemia and a marked acid 
response due to a mechanism involving the 
vagus nerves. The humoral-neural mechanism 
of gastric stimulation due to intravenous amino 
acids was confirmed in dogs whose non-vagal 
pouches were proven by use of the insulin 
test. 

Twelve patients were given rapid intravenous 
infusions of amino acid mixtures, six receiving 
a commercial enzymatic protein hydrolysate 
and six a commercial solution of the ten essen- 
tial amino acids with added glycine. Eight 
patients had an active peptic ulcer and four 
patients -were -without gastric disease. In all 
patients administration of amino acid mixtures 
increased free and total gastric acidity. The 
acid response was variable and approached that 
following insulin hypoglycemia in only a few 
cases. In one case the response was abolished by 
subsequent vagotomy for peptic ulcer. Regurgi- 
tation of bile occurred in all cases. 

No significant difference was found with the 
two amino acid preparations used. No correla- 
tion was found between blood amino acid 
nitrogen levels and gastric acid stimulation. In 
seven instances a moderate volume secretory 
response was obtained. An initial transitory 
increase in blood sugar occurred. 

Amino acid mixtures are currently being 
used in the treatment of peptic ulcer. It is 
suggested that this plan of therapy may be 
contraindicated due to the gastric acid response. 
The hypermotility and acid stimulation pro- 
duced by intravenously administered amino 
acids calls for caution in their use following 
gastrointestinal surgery. The concurrent ad- 
ministration of oral antacids may be advisable 
in such patients. 


Use of the Albumin Fraction in the 
Eclamptogenic Toxemias. Allen C. Barnes 
M.D. and (by invitation) Fred B. Hapke, 
M.D . , Columbus, 0. (From the Depart- 
ment of Gynecology-Obstetrics, Ohio 
State University Medical School.) 

In normal pregnancy there is a drop in the 
serum albumin level with a shift of the A/G 
ratio; in the pre-eclamptic and eclamptic toxe- 
mias of pregnancy these changes in albumin are 
accentuated, with the A/G ratio approaching 1. 

The clinical response to albumin replacement 
has been reported in the toxemias of pregnancy. 
The present study is concerned entirely with the 
fate of such injected albumin in the eclampto- 
genic toxemias and the effect this treatment has 
on the patient’s protein status. Thirty patients 
were placed on a diet low in salt and high in 
protein and were given oral ammonium chlo- 
ride and high fluid intake. After the patient’s 
condition had stabilized on this- regimen (at 
least three days) the albumin fraction was 
administered. Changes in total proteins, A/G 
ratio, plasma volume, electrophoretic picture, 
hematocrit, urinary volume and albuminuria, 
as well as changes in blood pressure, weight 
and symptomatology were noted. 

Results to date indicate that the injection of 
albumin fraction causes a temporary rise in 
total serum protein levels. During the next 
forty-eight hours the blood levels drop and 
there is an increase of albumin loss in the urine, 
indicating that much of the injected albumin 
is lost through the kidneys. This increase in 
albumin excretion is accompanied by a moder- 
ate diuresis, and the clinical observations seemed 
to accompany this temporary increase in 
urinary output. The alterations in the patient s 
serum proteins were all temporary; there was 
no change in blood pressure and no significant 
evidence of clinical improvement. 

This study indicates that elevation of the 
serum albumin level in patients with the cc- 
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lamptogenic toxemias is not a specific in the 
management of the condition. 

Mercury Excretion Following Oral 
Mercurial Diuretics in Man. E. R. 
Huffman, M.D. (i introduced by Charley J. 
Smyth, M.D.), Eloise, Michigan. 

Information concerning the route and rate 
of elimination of mercury following the ingestion 
of oral mercurial diuretics is limited. Eighteen 
hospitalized cardiac patients in congestive 
failure received oral mercuhydrin for four or 
more consecutive four-day periods, and the 
excretion of mercury in the stools and urine 
was determined for periods up to sixteen days 
following the last dose. The oral diuretic was 
administered in two forms, a slowly dissolving 
enteric coating, and in combination with cevita- 
mic acid and coated with a rapidly dissolving 
sugar coating. The mercury content of the 
urine and feces was determined by the dithizone 
method. 

When one tablet per day of the slowly dis- 
solving drug containing 39 mg. per tablet was 
given, the urinary excretion of mercury for the 
four days of treatment ranged from 2.52 mg. 
(1.5 per cent) to 4.99 mg. (3.2 per cent); the 
elimination of mercury in the feces ranged from 
98.96 mg. (63.0 per cent) to 1 52.50 mg. (97.8 per 
cent). When five tablets were given per day, the 
urinary excretion of mercury ranged from 
1.98 mg. (0.27 per cent) to 20.35 mg. (2.7 per 
cent) and the fecal mercury ranged from 190.44 
mg. (24.5 per cent) to 640.0 mg. (82.0 per cent). 
When the larger doses of mercury were given, 
the average daily excretion of mercury in the 
urine was only 2.41 mg. When five tablets per 
day of the rapidly dissolving mercury complex 
containing 19.5 mg. of mercury per tablet were 
given, the urinary excretion of mercury during 
the four days of treatment ranged from 0.8 mg. 
(0.2 per cent) to 8.8 mg. (2.3 per cent). The 
elimination of mercury in the feces during this 
same interval ranged from 90.7 mg. (23.3 per 
cent) to 240.0 mg. (61.5 per cent). 

Follow-up studies of mercury excretion indi- 
cate a significant delayed excretion of mercury 
asting up to sixteen days following the last dose. 

ie$e data show that with oral administration 
0 mercurial diuretics there is an accumulation 
° mercury in the body which is slowly excreted. 

n y minimal quantities of mercury appear in 
die urine. 
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Renal Hemodynamics in Heart Disease. 
B. I. Heller, M.D. and (by invitation) W. E. 
Jacobson, M.D., Minneapolis, Minnesota. 
(From the Department of Medicine, 
Veterans Hospital and the University of 
Minnesota Hospitals.) 

Renal hemodynamic studies were performed 
by use of the para-amino hippurate and manni- 
tol clearance methods in thirty-eight male 
patients with organic heart disease. Patients 
with hypertension were excluded. The patients 
were divided into the following three groups: 
group a, thirteen patients with rheumatic valvu- 
lar heart disease without previous or present 
evidence of heart failure; group b, twelve pa- 
tients admitted with cardiac decompensation 
but clinically compensated at the time of 
study; group c, thirteen patients with cardiac 
decompensation. 

In all phases of heart disease there was a dis- 
proportionate reduction in the effective renal 
plasma flow and glomerular filtration rate. 
This change was most marked in patients with 
congestive heart failure, and the resultant in- 
crease in the filtration fraction indicates a high 
degree of efferent arteriolar spasm. The cause 
of this vasospasm is unknown. 

It has been generally conceded that tubular 
function is normal in congestive heart failure. 
Therefore, the reduction of maximal tubular 
excretory capacity in group c patients was of 
great interest. It appears most likely that tubular 
ischemia accounts for this reduction. 

Effects of Morphine on renal Clear- 
ances of Para-amino Hippurate and 
Sodium Thiosulfate in the Human 
Kidney. Willis E. Brown, M.D., Robert 
Hodges, M.D. and J. T. Bradbury, Sc.D., 
Iowa City, Iowa. (From the Department of 
Obstetrics and Gynecology, University 
of Iowa College of Medicine.) 

Morphine antidiuresis has been previously 
reported by us. The mechanism of this reduc- 
tion seems to be independent of sedation, hyp- 
nosis, induced sleep or postpituitary hormone 
release. 

Using the renal clearances of para-amino 
hippurate and thiosulfate as a measure of renal 
plasma flow and glomerular filtration, respec- 
tively, we have found that morphine given 
intravenously in doses of 16 mg. produced the 
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following effects: (1) a consistent and significant 
lowering of urine flow; (2) a reduction in the 
renal plasma flow; (3) no significant change in 
glomerular filtration; (4) a slight rise in filtra- 
tion fraction; (5) an increased re-absorption 
fraction resulting in decreased urine output. 

We believe that the antidiuretic effect of 
morphine is largely due to this increase in the 
re-absorption fraction. 

These observations showing decreased clear- 
ance of para-amino hippurate (a cortical func- 
tion) and increased tubular re-absorption of 
water (a medullary function) are compatible 
with the vascular shunt theory of Truetta. 

Administration of Tetraethylammonium 
Bromide by Slow Continuous Intra- 
venous Infusion. C. W. Ulrich {by in- 
vitation), J. D. Peirce, Jr., M.D. and K. 
G. Kohlstaedt, M.D., Indianapolis, Indiana. 

Since the effect of a single intravenous injec- 
tion of TEAB is brief and is often accompanied 
by a marked decline in blood pressure, the 
safety and practicability of a continuous in- 
travenous infusion of the drug was investigated. 
With TEAB entering the vein at the rate of 6 
to 10 mg. per minute, a definite rise in skin 
temperature could be maintained for six to 
eight hours in normotensive and in hypertensive 
persons. Arterial pressure was reduced very 
little or not at all. Side effects did not occur 
until the infusion rate exceeded 7 mg. per 
minute and when more than 12 mg. per minute 
were given; all subjects exhibited mild unto- 
ward symptoms. The maximum amount of 
TEAB administered was 16 mg. per minute. 
In normotensive persons at this rate of infusion 
a mean rise of 5°c. was produced in the skin 
temperature over the great toe. In patients with 
thrombo-angiitis obliterans or with obliterative 
arteriosclerosis the continuous infusion of 6 to 
13 mg. of TEAB per minute gave moderate to 
complete relief from pain and the mean rise in 
skin temperature was never more than 3°c. This 
method of administration was also used to con- 
trol intractable diarrhea in two persons with 
ulcerative colitis. If the rate of infusion is 
accurately controlled by a Harvard tunnel 
clamp, intravenous administration of TEAB 
can be maintained for at least eight hours, with 
few if any unpleasant reactions. 

Minimal Sodium Diet; a Controlled 
Study of Its Effect upon the Blood 


Pressure of Ambulatory Hypertensive 
Subjects. Milton Landowne, M.D. {by 
invitation) Walter Thompson, Jr., M.D. 
and {by invitation) Barbara Ruby, B.S., 
Chicago, Illinois. 

Administration of a diet rigidly restricted in 
sodium may influence the habits and reactions 
of the patient profoundly, altering blood pres- 
sure through mechanisms unrelated to the 
sodium restriction per se. A controlled evalua- 
tion of these factors in the non-hospitalized 
patient is needed. Accordingly, twenty-one 
hypertensive subjects were placed on an ade- 
quate diet containing less than 300 mg. of 
sodium per day and were followed for approxi- 
mately eighteen weeks. Weekly blood pressure 
and twenty-four-hour urine analyses were 
made. All subjects received medication consist- 
ing either of 4 Gm. of NaCl a day or placebos. 
At six-week intervals the medication was either 
changed or continued according to pre-arranged 
schedules established by the pharmacist. 

The experiment thus consisted of three 
periods, differing only in that during one (or 
two) period(s) supplemental sodium chloride 
was administered, while in two (or one) period (s) 
the sodium intake remained at a bare minimum. 
Neither the investigator nor the subject was 
aware of the nature of the medication. 

Satisfactory data were available from only 
eight of the subjects. The criteria for their 
selection required that the twenty-four-hour 
urinary sodium average below 500 mg. for at 
least one period and over 1,000 mg. for at least 
one period. The average systolic and diastolic 
blood pressure during rigid sodium restriction 
was 4.96 and 4.72 mm. of Hg lower than during 
the periods of added sodium, respectively. These 
data appear to be significant statistically. 

In summary, a diet rigidly restricted in sodium 
is difficult to administer successfully to ambula- 
tor)' hypertensive subjects. A difference of less 
than 5 mm. Hg in average blood pressure was 
observed, ascribable to the effect of NaCl 
restriction alone. 

Prognosis in Untreated Arterial Hyper- 
tension: Report on One Hundred 
Seventeen Patients under Fifty-three 
Years of Age Followed for Eight to 
Ten Years. Arthur H. Gnep, M.D., {by 
invitation) George R. Barry, M.D. and 
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(by invitation ) Winston C. Hall, M.D., Ann 
Arbor, Michigan. (From the Department 
of Internal Medicine, University of Michi- 
gan Medical School.) 

One hundred seventeen patients (forty-four 
males and seventy-three females) with essential 
hypertension were followed for eight to ten 
years. All had been carefully studied initially 
and were suitable candidates for sympathectomy 
or medical treatment. Primary renal disease was 
excluded and the blood pressure was above 
160 mm. systolic and 110 mm. diastolic. When 
possible, the living patients were re-examined 
and a history, physical examination, electro- 
cardiogram, teleoroentgenogram, urinalysis, 
urine concentration test, urea clearance and 
ophthalmologic examination were carried out. 

The average age at the start of the interval 
was 43.7 years for the males and 41.3 for the 
females. There was a gross mortality rate of 
53.8 per cent and a corrected rate of 50.3 per 
cent. There was a 70 per cent mortality in 
males as compared with 43 per cent for the 
females. 

Eighty-eight per cent of the patients showed 
less than 40 mm. systolic and 15 mm. diastolic 
change in blood pressure. In one case the 
blood pressure fell to normal levels without 
known cause. Patients with blood pressures 
above 200 mm. systolic and 130 mm. diastolic, 
with decreased functional capacity of the heart, 
cardiac enlargement, abnormal electrocardio- 
gram, abnormal urinalysis and funduscopic 
abnormalities, sustained a higher mortality rate. 
In this group of patients the most common 
cause of death was cerebrovascular accident 
(39.6 per cent) and cardiac failure (28.5 per 
cent). 

Of fifty-one patients living 19 per cent are 
symptom-free at the present time. Sixty-one 
per cent are mildly symptomatic but can cany 
on with their daily work. Seventeen per cent 
me ambulatory but unable to work. One patient 
1S bedridden and the symptoms and working 
capacity of two patients are unknown. 

Observations on the Effect of a High 
Fluid Intake in Valvular Heart 
Disease in the Last Trimester of Preg- 
nancy. W. W. Hurst , M.D. {by invitation), 
• L. McPhail, M.D. and F. R. Schemm, 
M.D., Great Falls, Montana. 
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Observations were made during twenty-two 
periods in eighteen pregnancies of seventeen 
patients with severe rheumatic heart disease. 
All had classical signs of mitral stenosis, six 
with aortic insufficiency and two with subacute 
bacterial endocarditis. All exhibited signs of 
myocardial failure other than edema of the 
lower extremities before therapy was begun, 
while one had profuse pulmonary edema, one 
permanent auricular fibrillation and 6 transient 
fibrillation. Two of the eighteen pregnancies 
were terminated by cesarean sections; labor was 
spontaneous in seven and induced in nine. 

The average length of the twenty-two periods 
was twelve days, the maximum thirty days; the 
average daily intake was 3,000 cc. or over in 
nineteen periods, more than 4,000 cc. daily in 
eight and from 5,000 to 6,000 cc. in four of the 
periods. In nine of the twenty-two periods intra- 
venous fluids were given to supplement oral 
intake, in amounts of from 500 to 3,000 cc. in 
twenty-four hours. In two instances 16,000 and 
14,500 cc. of fluid were given by vein in two 
eight-day periods. Isotonic dextrose in distilled 
water was used except when emesis or duodenal 
drainage called for sodium chloride replacement. 

The combination of marked mitral stenosis 
and near-term pregnancy should put the heart 
at a maximum mechanical disadvantage. Yet 
there was no evidence that the rather large 
amounts of plain water given, in these twenty- 
two observations to maintain an adequate water 
balance, either hindered the clearing of heart 
failure or embarrassed the circulation. 

Unipolar Electrocardiographic Study 
of Left Ventricular Hypertrophy. 
The Electrocardiogram with Left 
Axis Deviation. Ernest Goulder, M.D. and 
(by invitation ) Wright Adams, M.D., Chicago, 
Illinois. 

This study presents ninety-four selected cases 
in which the electrocardiogram was charac- 
terized by left axis deviation with an rS type 
of QRS in lead in and in which the six multiple 
precordial leads of Wilson (V leads) and the 
three augmented extremity leads of Goldberger 
(AV leads) were used to supplement the three 
standard leads. 

A survey of the group as a wffiole permitted 
classification of all tracings into four major 
categories on the basis of two fundamental 
criteria in lead aVL: (1) An R wrnve 9 mm. or 
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more in amplitude and (2) a ratio, expressed in 
per cent, of the amplitude of T to the amplitude 
of R that was less than 10 per cent (T/R ratio). 

The first group was characterized in lead aVL 
by an R wave less than 9 mm. and by a T/R 
ratio greater than 10 per cent and was also 
associated with normal standard and unipolar 
leads. Clinically, this group was not correlated 
with left ventricular hypertrophy. The second 
group was characterized in lead aVL by an R 
wave greater than 9 mm. in amplitude and by 
a negative T/R radio due to an inverted T 
wave. Most of the patients in this group pre- 
sented in the standard leads the left ventricular 
strain pattern of Barnes and Whitten. All 
showed an excellent correlation with disease 
processes known to be associated with this 
pattern. The third group was characterized in 
lead aVL by an R wave in excess of 9 mm. 
and by a T/R ratio less than 10 per cent due 
to a relatively low upright T wave. Many of 
these tracings were associated with a left ventri- 
cular hypertrophy pattern in the standard 
leads in which a low T-i was associated with an 
upright T-iii, but in others the abnormality of 
the T waves in the standard leads was less 
readily expressed. This group showed a good 
correlation clinically with disease processes as- 
sociated with left ventricular hypertrophy. The 
fourth group was characterized in lead aVL 
either by an R wave greater than 9 mm. or by 
a T/R ratio less than 10 per cent and clinically 
had a poorer correlation with left ventricular 
hypertrophy. 

The utilization of these two criteria in lead 
aVL appears to be a useful adjunct in the 
electrocardiographic evaluation of left ventricu- 
lar hypertrophy. 

Effect of Position on the Q,-T Complex 
IN THE WoLFF-PaRKINSON-WhITE SYN- 
DROME and Bundle Branch Block. Saul 
L. Silver, M.D. (by invitation ) Simon 
Zjvin, M.D. (by invitation), and Theodore 
R. Van Dellen, M.D., Chicago, Illinois. 

Eighteen cases of Wolff-Parkinson-White 
syndrome were collected and the patients’ 
electrocardiograms compared with the typical 
bundle branch block. Lead i was taken in all 
patients in the reclining left and right lateral 
positions. Similar changes occurred when the 
position was changed in those with Wolff- 
Parkinson-White syndrome and in the eight 


patients with bundle branch block. These simi- 
larities suggest that the two conditions are 
related and lend evidence to the observation 
that ' Wolff-Parkinson-White syndrome is not 
entirely benign. 

Complement-fixation Studies with Yeast- 
phase Antigen in Experimental Histo- 
plasmosis. Chris J. D. < 'arajonelis , M.D., 
Ann Arbor, Michigan. 

Diagnosis of histoplasmosis can be made with 
certainty only by the isolation and identification 
of the causative fungus, Histoplasma capsula- 
tum. Since material suitable for culture is not 
always readily accessible, other diagnostic aids 
have been sought. A skin test for histoplasmosis 
was introduced in 1941 but has been found to 
have little or no clinical value. The purpose of 
this report is to present preliminary observations 
on another possible diagnostic aid, namely, the 
complement-fixation test. 

The antigens employed in this study con- 
sisted of suspensions of yeast-phase organisms 
grown on sealed blood-agar slants or in liquid 
Dubos media containing albumin. The organ- 
isms were killed, harvested and repeatedly 
washed by centrifugation and resuspension in 
physiologic saline solution containing 0.1 per 
cent formalin. 

Groups of rabbits and guinea pigs were inocu- 
lated with suspensions of living yeast-phase 
organisms. Antisera were obtained by periodic 
bleeding of the animals and selected sera were 
used for the titration of antigens. The test used 
employs serial two-fold serum dilutions, two 
antigen units and two full units of complement. 
After overnight refrigeration the hemolytic sys- 
tem is added. This consists of equal parts of a 
3 per cent suspension of sheep erythrocytes and 
amboceptor diluted to contain three hemolytic 
units. After one-half hour at 37°c. the test is 
read in the customary manner. 

Tests were performed on sera from the in- 
oculated animals and a progressive rise in 
antibody titer was detected in every instance. 
Assuming that the antigen is specific, this is 
considered a diagnostic response. Sera from 
humans hospitalized for various disorders were 
also tested. A surprising number of such sera 
fixed complement in low dilution. Before the test 
may be utilized for clinical or epidemiologic 
studies, however, its specificity must be demon- 
strated through additional studies. 
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Experience with Darvisul (Phenosulfa- 
zole) in the Treatment of Clinical 
and Experimental Poliomyelitis. Mor- 
ris Schaeffer , M.D. and (by invitation ) 
John A. Toomey, M.D., Cleveland, Ohio. 
(From the Department of Pediatrics, 
Western Reserve University and Con- 
tagious Department of City Hospital.) 

A new sulfonamide compound, phenosulfazole, 
said to be therapeutically beneficial in poliomye- 
litis was administered parenterally and orally 
to sixty-eight patients at the onset of the acute 
phase of poliomyelitis. The outcome in these 
patients was compared with sixty-nine un- 
treated control patients selected alternately on 
admission. No evidence was obtained that the 
natural course of the disease was affected by 
this treatment. 

Similarly, in the experimental disease pro- 
duced in 150 mice with the Lansing strain of 
poliomyelitis virus, administration of pheno- 
sulfazole prior to or simultaneously with infec- 
tion failed to prevent paralysis or death in the 
treated animals. 

Preliminary Report on the Pulmonary 
Circulation in Bronchial Asthma. H. 
A. ffimmermann, M.D., Cleveland, Ohio. 

A series of five patients with typical attacks of 
bronchial asthma was studied by means of 
intracardiac catheterization of the pulmonary 
artery by the method of Cournand. Pulmonary 
arterial pressures, femoral or brachial arterial 
pressures, the electrocardiogram and phase of 
respiration with a superimposed time trace were 
recorded simultaneously. This was done by 
means of pressure transmitters, strain gages, 
strain amplifiers and a six-channel, direct- 
writing Brush oscillograph. Cardiac outputs were 
determined by the Fick principle using the 
Scholander method for blood oxygen levels and 
the Rahn method using a Pauling oxygen 
analyzer for determination of the amount of 
oxygen in the expired air. 

All patients had a moderate to severe attack 
of bronchial asthma and all had abnormally 
ligh pressures in the pulmonary artery. One 
Patient had a few wheezes in the chest with 
normal pulmonary arterial pressure, but after 
an injection of mecholyl a moderately severe 
attack of asthma was induced and the pul- 
monary arterial pressure was elevated above 
normal. 
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Aminophylline may relieve an acute attack 
of bronchial asthma and the pulmonary 
arterial pressure drops to a subnormal level. 
Adrenalin, on the other hand, may relieve an 
acute attack of bronchial asthma but it causes 
a distinct elevation in the pulmonary arterial 
pressure. In patients whose asthmatic attacks 
were relieved we have found that the cardiac 
output was higher following the use of adrenalin 
than following aminophylline. 

Fibrinolysis and Prothrombin in Experi- 
mental Appendiceal Peritonitis. Carlos 
Tanturi, M.D . , Raymond Anderson , M.D. 
and Nicholas Wetzel, M.D., ( introduced 
by Walter J. Maddock, M.D . ), Chicago, 
Illinois. (From the Department of Sur- 
gery, Northwestern University Medical 
School.) 

Appendiceal peritonitis was produced in 
forty-six dogs using the technic of Bowes. Serum 
fibrinolytic activity was studied pre- and post- 
operatively using the method of Kay and Lock- 
wood. Variations in blood prothrombin were 
measured by the technic of Tanturi and Banff. 

Results showed that a decrease in pro- 
thrombin is observed in appendiceal peritonitis 
in 85.7 per cent of the dogs, indicating some 
degree of injury to the liver. Forty-six per cent 
of the dogs showed fibrinolytic activity in the 
serum during the postoperative period. A 
decrease in prothrombin bears a closer relation- 
ship to death than does any variation in the 
fibrinolytic-antifibrinolytic equilibrium. An 
early postoperative decrease in prothrombin 
corresponded with a higher incidence of death. 
Chloroform anesthesia was given in ten dogs 
to increase liver damage. These dogs died earlier 
than those dogs who received no chloroform 
although no increase in fibrinolysis or hypopro- 
thrombinemia was observed. 

The decrease in prothrombin is not the 
cause of death but appears to be the reflection 
of the primary cause of death in the animal more 
than the fibrinolytic activity of the blood. 

Estimation of Megakaryocyte Content 
of Aspirated Sternal Marrow. Law- 
rence Berman, M.D. (by invitation), Arnold 
R. Axelrod, M.D. (by invitation ) Else S. 
Kumke, B.S., Detroit, Michigan. (From the 
Departments of Pathology and Medicine, 
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Wayne University College of Medi- 
cine, and the City of Detroit Receiving 
Hospital.) 

The present methods of estimating the mega- 
karyocyte content of aspirated sternal bone 
marrow are not satisfactory. Methods based on 
examination of marrow smears are unsatis- 
factory because the aspirated marrow is un- 
avoidably diluted with sinusoidal blood; the 
distribution of megakaryocytes on smears is 
irregular; the total nucleated cell content of 
bone marrow is variable from patient to patient 
and the incidence of megakaryocytes may vary 
independently of the incidence of other nucleated 
cells. Hemocytometer counts of megakaryocytes 
are subject to error introduced by variable 
dilution with sinusoidal blood and also by the 
variable base of total nucleated cells. 

The present study showed that neither the 
smear nor chamber count method yields results 
which correlate with those obtained by study 
of actual marrow tissue sections. Instances of 
low counts obtained by the smear or chamber 
methods in patients with high megakaryocyte 
content, as revealed in marrow sections, were 
encountered. Even the section count produces 
arbitrary values which cannot be converted 
into terms expressive of the actual number of 
megakaryocytes per unit volume of marrow. 
Hence all section counts obtained from patients 
must be compared with counts made by identi- 
cal means from suitable controls. 

Since the error of underestimating the mega- 
karyocyte content of aspirated marrow samples 
may be of clinical importance, especially when 
the question of splenectomy for thrombocyto- 
penic purpura is presented, examination of 
marrow sections for megakaryocytes should not 
be omitted whenever the chamber or smear 
methods yield values suggestive of decreased 
megakaryocytogenesis. 

Clinical Evaluation of Tetraethylam- 
monium Chloride in Coronary Heart 
Disease. Harold TV. Christy, M.D., ( intro- 
duced by Howard A. Lindberg, M.D.), 
Chicago, Illinois. 

Ten patients presenting symptoms that were 
considered classical of chronic coronary in- 
sufficiency with the anginal syndrome, most of 
whom had abnormal electrocardiograms, were 
treated with bi-weekly intramuscular injections 


of tetraethylammonium chloride. The dosage 
ranged from 200 to 800 mg. per injection. No 
reactions of moment were encountered in this 
group. Some of the patients received injections 
over a period of at least a year. Two patients 
had complete disappearance of their anginal 
syndrome with improvement in the electro- 
cardiogram during the course of treatment. Five 
patients reported considerable improvement in 
their symptoms. None developed what might be 
considered anginal equivalents. Two had im- 
provement in their electrocardiograms. Two 
patients reported no improvement whatsoever 
and one of them was the only one that did not 
have electrocardiographic or physical findings 
to support a diagnosis of coronary insufficiency. 
The tenth patient did not report for continua- 
tion of therapy and the results of treatment in 
this case are not known. 

Causes of Death in Aneurysms of the 

Heart. Wendell A. Shullenberger, M.D., 

Indianapolis, Indiana. (From the Division of 

Internal Medicine, Methodist Hospital.) 

It is frequently stated that cardiac aneurysm 
is not incompatible with a considerable degree 
of physical activity and it is a fact that despite 
their spectacular pathologic features these 
aneurysms when fully healed and fibrosed 
undergo rupture infrequently. The usual causes 
of death following establishment of this condi- 
tion in the heart are congestive failure, rupture 
and “sudden death.” The last group deserves 
more attention than it has received. The case 
reported here is believed to be unusual in the 
nature of the terminal event. 

A diagnosis of acute coronary thrombosis was 
made in a fifty year old male after he had 
suffered three attacks of epigastric pain in a 
period of eleven days. Aneurysm of the left 
ventricle was diagnosed by roentgenogram after 
three weeks in the hospital. He became ambula- 
tory and carried on fairly normal business 
activities for thirteen months but died suddenly 
after several attacks of epigastric pain. Autopsy 
showed a large aneurysm of the left ventricle 
and a fresh thrombosis of the circumflex branch 
of the right coronary artery. 

Statistics obtained from analysis of forty-six 
well studied cases selected from the literature 
show that somewhat less than 50 per cent of 
patients may be expected to survive from a few 
months to several years. It is further shown that 
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when aneurysm of the heart has been estab- 
lished, 46 per cent died of congestive failure, 
11.5 per cent of rupture of the aneurysm, 11.5 
per cent of acute coronary thrombosis, 8 per 
cent of left ventricular failure and 8 per cent of 
other causes. The remaining 15 per cent are 
classified as “sudden deaths.” 

An Endocrine Finding Apparently Char- 
acteristic of Gout. Very Low Urinary 
17-Ketosteroid Excretion, with Clini- 
cally Normal Androgenic Function. 
W. £). Wolf son, M.D., R. Levine , M.D., 
H. S. Guterman, M.D. , C. Cohn, M.D., 
H. D. Hunt, M.D. and E. F. Rosenberg, 
M.D. , Chicago, Illinois. (From the De- 
partment of Biochemistry and the De- 
partment of Metabolic and Endocrine 
Research, Medical Research Institute, 
Michael Reese Hospital; the Arthritis 
Clinic and the Division of Medicine, 
Michael Reese Hospital, Chicago; and 
the Department of Internal Medicine, 
Albany Medical College, Albany, N. Y.) 

The urinary 17-ketosteroids (KS) are the chief 
identified urinary excretory products of male 
sex hormone metabolism. Urinary KS values 
depend upon both testicular and adrenal 
androgen production in men and upon adrenal 
androgen production in women. 

Decreased urinary KS output has been found 
in all of a group of eleven gout patients (average 
3.0 mg. /day). Decreased excretion occurred in 
all phases of the disease including asymptomatic 
gout. Similar decreases did not occur in patients 
with idiopathic hyperuricemia and in males 
with rheumatoid polyarthritis or spondylitis. 

Review of currently available endocrine 
explanations for decreased 17-ketosteroid output 
of the degree noted indicated none to be accept- 
able. Injected testosterone was recovered as 
urinary 17-ketosteroid to the usual extent and 
no defects in hepatic function were noted. Renal 
function was well enough preserved to make 
retention” of 17-ketosteroids improbable. In 
spite of accumulating evidence that altered 
adrenocortical glycocorticoid production may 
c lm Portant in acute gouty attacks there was 
no evidence of “resistance stage” endocrine 
status at other periods. 

Biologic evidence of androgen activity was 
normal in nine of the ten men in this group. A 
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review of a much larger series of patients gave 
additional evidence that hypogonadism is not 
clinically prominent in patients with gout. 

The findings of very low outputs of urinary 
17-ketosteroids in the presence of normal 
biologic androgen activity appears to be a new 
endocrine finding which is characteristic for 
gout. Our working hypothesis is that in gout 
biologic androgen activity is maintained by an 
androgenic hormone which does not make an 
important contribution to urinary 17-keto- 
steroids when metabolized. 

Comparative Sympathetic Blocking and 
Adrenolytic Action of Four Drugs in 
the Human Subject. J. W. Aver a , M.D. 
{by invitation ), S. W. Hoobler, M.D., {by 
invitation) S. G. McClellan, M.D. and 
{by invitation), W. J. Little, M.D. , Ann 
Arbor, Michigan. (From the Department of 
Internal Medicine, University Hospital.) 

Comparative effects of the intravenous injec- 
tion of tetraethylammonium chloride (TEA), 
(6 mg./Kg. body weight); priscol, (0.6 mg./Kg. 
body weight); dihydroergocornine (DHO), 
(0.005-0.01 mg./Kg. body weight) and piper- 
idomethyl benzodioxane (933F) (10 mg./ square 
meter body surface) on peripheral blood flow 
were studied by means of venous occlusion 
plethysmograph. As a result of these studies we 
have arrived at the following conclusions: 

Tetraethylammonium increases peripheral 
blood flow solely by a sympathetic blocking 
action. It does not produce vasodilatation in the 
denervated extremity and it has no adrenolytic 
effects. When injected intra-arterially, it has a 
slight vasoconstrictor action in concentrations 
well above those usually attained by intra- 
venous injection. 

Priscol increases blood flow by a direct 
vasodilator action. It has weak adrenolytic 
properties when given intravenously and a more 
marked effect when given intra-arterially. It 
probably has relatively little sympatholytic 
action when administered intravenously since 
the increase in blood flow in the innervated 
extremity is considerably less than that following 
paravertebral block or ganglionic blockade with 
tetraethylammonium and since the innervated 
and denervated extremity show approximately 
equal vasodilation following injection of the 
drug. 

The increase in peripheral blood flow after 
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dihydroergocornine is, for similar reasons, 
probably not dependent on its sympathetic 
blocking properties. Since the vasodilator effect 
after intravenous injection was delayed in onset 
and since no increase in blood flow occurred on 
intra-arterial injection, it is possible that the 
drug undergoes conversion to a vasodilator 
agent in the body. Dihydroergocornine is not 
adrenolytic in the usual intravenous dosage but 
possesses this property when given intra- 
arterially in high concentration. 

In the usual intravenous dosage benzodioxane 
has no peripheral vasodilator action and is 
therefore not sympatholytic. Intra-arterially it 
has no direct vasodilator action and blocks 
epinephrine vasoconstriction only when injected 
intra-arterially in high concentrations. 

Observations on Air Swallowing during 
Operations. John L. Bell , M.D. and 
Walter C. Maddock, M.D . , Chicago , Illinois. 

It is generally accepted that the main source 
of gas in abdominal distention is external air, 
and the way it is alleged to enter the alimentary 
canal is commonly suggested by the term 
“swallowed air.” To learn more about swallow- 
ing during operations a series of twenty-three 
patients were observed. 

A Levine tube was passed into the stomach 
and all gas was removed and measured. Swal- 
lowing movements during the induction of the 
anesthesia varied from 0 to 5. This is in great 
contrast to earlier work in which open ether was 
used and it is probably due to our rapid induc- 
tion. No swallowing movements were observed 
during the operations. 

The amounts of gas aspirated during opera- 
tions under spinal-pentothal and inhalation 
anesthesia ranged from 0 to 130 cc., with an 
average of 73 cc. In one case 780 cc. were 
aspirated from the stomach during a period in 
which there was abnormal respiration due to 
the patient’s tongue dropping back. With this 
obstructed airway, it is believed that air entered 
the esophagus rather than the trachea. 

In five of ten cases in which curare was used to 
supplement the inhalant anesthetic some inter- 
costal paralysis occurred, necessitating positive 
pressure to augment respirations. The amounts 
of gas aspirated in these cases varied from 300 
cc. to 1,700 cc. With the exception of the five 
cases in which curare necessitated positive 
pressure anesthesia, the total volume of gas 


aspirated during the operations would probably 
not contribute to postoperative abdominal 
distention. 

Rationale of Therapy in Acute Vascu- 
lar Occlusions Based on Micrometric 
Observations. Harold Laujman, M.D., 
Wayne B. Marlin. M.D. and Stanley II*. 
Tuell , M.D. ( Introduced by Howard A. 
Lindbergh, M.D . ), Chicago, Illinois. (From 
the Department of Surgery, Northwestern 
University Medical School.) 

By means of a modified Kniseley fused quartz 
rod transillumination apparatus, actual micro- 
metric measurements of small vessel caliber 
made it possible to evaluate the effects of certain 
therapeutic measures in acute vascular occlu- 
sions. All observations were made on mesenteric 
vessels in the dog. Much of the therapy in vogue 
today is controversial and there is confusion 
concerning the physiologic responses to vascular 
occlusions. It was necessary, therefore, to 
establish the typical patterns of response in small 
vessel caliber following occlusions. All occlusions 
were made using a rubber tipped clamp. Follow- 
ing main stem arterial occlusion, both the small 
artery and vein under observation diminished 
in caliber. After release of the occlusion a small 
artery remained in moderate spasm for a short 
period of time before returning to the control 
caliber. This phenomenon we termed residual 
vasospasm. Following main stem venous occlu- 
sion, the small veins became dilated while the 
small arteries exhibited a marked diminution 
of caliber. After release of a venous occlusion 
temporary residual spasm in the small artery 
was again noted. As the artery returned to its 
control caliber the engorged vein also regained 
its control diameter. 

Alterations in the basic pattern as produced 
by certain therapeutic measures were then 
observed. Experiments with sympathectomized 
specimens indicate that the afferent and efferent 
fibers of both arteries and veins are largely 
responsible for the patterns of response following 
occlusions while the pressure gradient of blood 
flow through the vascular tree became impor- 
tant only when the spastic impulses were over- 
come by the intravascular pressure. Such a 
situation accounts for venous engorgement 
during venous occlusion in the presence of 
increased tonus in the vein wall. Regional 
sympathetic denervation eradicates the pattern 
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of small vessel spasm to an extent unequalled by 
vasodilators employed. Oxygen therapy was 
found to have no effect on vessel caliber. 
Papaverine hydrochloride was found to be of 
value in releasing some of the reflex arterial 
vasospasm in venous occlusions if used before 
thrombosis occurred. In arterial occlusions the 
drug was of value only when collateral arteries 
existed above the occlusion. Once an occlusion 
was released the drug was able to eradicate 
residual spasm in the small vessels. Tetraethyl- 
ammonium chloride in non-shock-producing 
doses was able to counteract the vasospastic 
effects following acute venous occlusion in about 
50 per cent of cases while in acute arterial 
occlusions it was without value unless there were 
collateral vessels present. 

Effectiveness of Anticoagulant Ther- 
apy as Observed in 300 Gases. Ivan F. 
Duff, M.D. ( Introduced by W. D. Robinson, 
M.D.), Ann Arbor, Michigan. (From the 
Department of Internal Medicine, Uni- 
versity of Michigan.) 

Among those given treatment were 133 
patients with peripheral venous thrombosis, 
thirty-five with pulmonary embolism and 
twenty-seven with myocardial infarctions; 
seventy-four postoperative patients were treated 
prophylactically. One hundred thirteen received 
preliminary heparinization, the remainder re- 
ceived only dicumarol. 

Dicumarol required about 2.7 days to effect 
therapeutic prothrombin concentrations (30 per 
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cent or less) which were maintained an average 
of ten days. Excessive hypoprothrombinemia 
occurred in 17 per cent of the patients. Di- 
cumarol induced bleeding in 1 1 .2 per cent of the 
subjects; this occurred in three-fifths of those 
who had prothrombin concentrations below 20 
per cent. The incidence of minor and major 
bleeding was 61 per cent and 29 per cent, 
respectively; there was one fatality from hemor- 
rhage. Heparin rarely induced bleeding. 

One of the postoperative patients receiving 
prophylactic dicumarol developed thrombo- 
embolism at a low level of prothrombin. Satis- 
factory resolution of venous thromboses resulted 
in 90 per cent of the patients; this was acceler- 
ated by employing preliminary heparinization. 
In eight of these patients thromboembolism 
occurred or progressed at effective prothrombin 
levels. 

All the patients (nineteen) with simple post- 
operative pulmonary embolism recovered. Five 
deaths occurred in the remaining sixteen 
patients with pulmonary embolism and infarc- 
tion, the majority of whom had organic heart 
disease and had sustained their infarction before 
hospitalization. Anticoagulants were used with 
poor success in treating recurrent pulmonary 
emboli arising from mural thrombi. 

Five (18.5 per cent) of the patients with 
myocardial infarctions died. Mural thrombi, 
present in two, were associated with recurrent 
pulmonary infarctions in one subject. Among 
those who lived secondary thromboembolism 
occurred in 11.1 per cent. 
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Case Report 


Weber'Christian Disease* 

Richard J. Kennedy, m.d. and Louis R. Murphy, m.d. 
New York, New York Seattle, Washington 


W eber-christian disease, or relaps- 
ing, febrile, nodular non-suppura- 
tive panniculitis, has been regarded 
as a rare disease but is nevertheless of 
interest to both the internist and to the 
pathologist; to the former because of the 

Table i 

DISTRIBUTION OF PATIENTS ACCORDING TO AGE 

Age No. Patients 

0-9 2 

10-19 4 

20-29 6 

30-39 11 

40-49 5 

50-59 9 

60-69 1 

striking febrile reaction associated with 
minimal, localized pathologic changes and 
to the latter because of its histologic resem- 
blance to many “nodular diseases.” 

The purpose of this paper is first, to 
review the clinical and pathologic findings 
in Weber-Christian disease in order to 
establish criteria for diagnosis; second, to 
review briefly the cases reported since 1944; 
third, to add three cases not previously 
reported and finally, to suggest a relation- 
ship between Weber-Christian disease and 
dermatomyositis. 

Weber-Christian disease has been re- 
ported in every age group. (Table i.) The 
youngest patient was a twenty-three-month 
old male and the oldest a man of sixty-four. 
In the thirty-eight cases reported from 1 892 
to the present 71.8 per cent have occurred 
in females. Since 1944, 50 per cent of the 
cases have occurred in males. 

The disease may be ushered in abruptly 
or preceded by indefinite prodromas for 
two to four weeks. The more common 
prodromal symptoms are general malaise, 


low grade fever, oropharyngeal infections, 
vague joint pains or manifest arthritis. 

Fever, ranging from 99° to 106.4°f., has 
been present in 87 per cent of the cases. The 
rise in temperature is gradual and coincides, 
as a rule, with the appearance of sub- 

Table ii 

SITES INVOLVED IN THIRTY-EIGHT PATIENTS 


Sites ' No. of Patients 

Thigh 28 

Leg 25 

Arm 24 

Trunk 22 

Buttock 2 

Breast 2 

Feet 1 

Face 1 


cutaneous nodules or fever may not appear 
until softening of the nodules occurs. The 
subcutaneous nodules have varied in diam- 
eter from 1 to 1 2 cm. and in numbers from 
one to thirty. While the hands, face and feet 
are usually spared, nodules have appeared 
on all parts of the body and have been 
especially common on the thighs. (Table 
ii.) In 78 per cent of the cases the nodules 
were tender but pain was a variable 
symptom. 

The overlying skin may be red if the 
nodules are superficial. When involution 
begins, the skin becomes pigmented and 
atrophy occurs frequently (72 per cent of 
cases). In a few instances rupture of a 
nodule occurred without suppuration and a 
cloudy, yellow, fatty fluid was extruded. 
With one exception, 1 admittedly due to 
contamination, smear and culture of such 
fluid did not reveal bacteria. 

Fever persists as long as new nodules 
appear and until those already present 
regress. The longest febrile period reported 
for a single relapse has been 115 days. 


From the Medical Division, St. Vincent’s Hospital, New York, N. Y. 
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Relapses are common and have recurred 
for as long as fifteen years. In three of the 
eight cases reported since 1944 spleno- 
megaly has been noted. 

Early in the course of the disease leuko- 
penia is the rule with the leukocytes usually 
less than 7,000/cu. mm. (five of eight cases). 
The lowest count 2 found was 1,000/cu. mm., 
with moderate lymphocytosis. Baumgartner 
and Riva 1 noted that leukocytosis, with an 
increase in segmented forms, followed the 
initial leukopenia when involution and 
softening of the nodules occurred. 

Although the clinical picture appears to 
be fairly constant, the pathologic findings 
are diverse. Some of the recent cases bear 
little resemblance to the original pathologic 
descriptions. Christian 3 described the micro- 
scopic appearance of “cellular infiltration of 
the panniculus adiposus with at times 
extension into the fat of the adjacent layers. 
The cells are lymphocytes, plasma cells, a 
few polymorphonuclear leukocytes, endo- 
thelial cells phagocytic for fat droplets and 
fibroblasts in various admixtures. An occa- 
sional multinuclear giant cell is seen. Some 
areas show a granular appearance due to 
necrosis of cells and fat tissues.” Spain and 
Foley, 4 Friedman, 5 Allen 6 and Kritzler 7 in 
their biopsies noted the infiltration to be 
composed mainly of lymphocytes and large 
mononuclears. Larkin et ah, 8 Arnold 9 and 
Zee 10 on the other hand describe infiltration 
of the areas with polymorphonuclear and 
mononuclear cells with few lymphocytes 
present. We believe that the variation in 
. the pathologic findings may be due to the 
difference in age of the nodules biopsied. 

‘ pain and Foley 4 whose patient was au- 
topsied divided the changes in the panniculus 
mto three stages: In the earliest lesions small 
accumulations of fat-laden macrophages 
"ere noted. In larger lesions small central 
aicas of fat necrosis were seen, about which 
'\cie lymphocytes, polymorphonuclears and 
at-laden macrophages. The older lesions 
s rowed a decrease in necrotic material and 

m ammatorv cells were replaced by fibrous 
tissue. 

There is a considerable difference of 
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opinion in regard to what are the char- 
acteristic changes in the interlobular fibrous 
septa. Christian did not describe them. 
Bailey’s 11 view, generally accepted by Amer- 
ican investigators, is that “a feature of 
panniculitis to be emphasized is the tendency 
for the interlobular connective tissue septa 
to retain the same width throughout. 
Edema, necrosis and infiltration may be 
present but extensive fibrosis, extending 
from the point where the larger vessels lie, is 
usually conspicuous by its absence. Thus it 
seems that the changes occur mainly as a 
result of lipophagic cells around the smaller 
blood vessels within the fat lobule.” Allen 6 
states that the lesion in its typical form is 
characterized by infiltration of the fat 
lobules themselves rather than the septa. 
Baumgartner and Riva 1 describe inflam- 
mation and thickening of the connective 
tissue septa and note also an increase of the 
intralobular connective tissue. Septal im- 
munity, emphasized by American observers, 
is an indefinite term that appears to mean 
absence of fibrosis in the perilobular areas 
rather than freedom of the septa from 
infiltration. 

The condition of the blood vessels in the 
nodule is of prime interest for it would seem 
to furnish a clue to the pathogenesis of the 
lesion. Christian 3 noted that the blood 
vessels were usually normal. A few showed 
periarteritis and rarely endarteritis with 
proliferation of the endothelial cells. Bailey 11 
described obliteration of larger blood vessels 
and also noted in his third case obliteration 
of vessels within the fibrous septa. Cummins 
and Lever 12 in both of their cases described 
lamellation of the walls of the veins and 
subendothelial edema. Arnold 9 noted ex- 
tensive arteriolitis with thrombus formation 
and recanalization. Larkin 8 noted small 
vessels surrounded by macrophages, lympho- 
cytes and plasma cells. Zee 10 described 
infiltration of the vessel walls by inflamma- 
tory cells and small hemorrhages into the 
adipose tissue. Friedman 5 noted prolifera- 
tion of the adventitia of vessels within the 
lesion. Shaffer 13 has offered evidence, how r - 
ever, against primary vascular involvement 
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for in his patient there were widespread 
changes in the panniculus with softening 
and rupture of the nodules, but biopsy of a 
very early lesion showed only minimal 
perivascular inflammation. 

Five patients with Weber-Christian dis- 
ease have been autopsied. Kritzler’s 7 patient 
showed no striking changes in the internal 
fat deposits. A fatty liver with widespread 
central necrosis was found and the spleen 
was enlarged. Fat emboli were present in 
the lungs and many of the cells of the 
adrenal cortex had undergone hydropic 
degeneration. The case of Spain and Foley 4 
ran a course of eight days, terminating in 
uremia. Autopsy revealed chronic glomer- 
ulonephritis and Weber-Christian disease. 
In addition to subcutaneous fat necrosis 
there was necrosis of the pancreatic adipose 
tissue and of areas in the mesenteric, 
omental and peritracheal fat. Fatty changes 
were present in the liver. It has been 
doubted that Friedman’s 5 case should be 
considered one of Weber-Christian disease 
because the patient died of staphylococcus 
septicemia. The duration of the disease was 
five years with multiple subcutaneous nod- 
ules appearing during that time. That 
coagulase-positive Staphylococcus aureus 
was obtained from a terminal blood culture 
does not appear to us to influence the 
original diagnosis of Weber-Christian dis- 
ease. It is impossible, however, to separate 
the postmortem findings due to the pan- 
niculitis from those due to terminal septice- 
mia. The same is generally true of Ungar’s 14 
case although he offered much less clinical 
evidence to substantiate a diagnosis of 
Weber-Christian disease. The latest au- 
topsied case is that of Mostofi and Engle- 
man 15 whose patient died in a convulsive 
seizure seven months after onset of the 
disease. The liver showed fatty changes, 
especially in the peripheral cells; the mid- 
zonal and central areas were the sites of 
necrosis and hemorrhage; early prolifera- 
tion of the bile ducts was noted. The 
pancreas revealed fatty and hydropic de- 
generation of the acinar cells. The peri- 
pancreatic and intralobar fat was infiltrated 


with plasma cells, lymphocytes and phago- 
cytes. The inflammatory reaction was 
closely related to the small arteries and 
veins. There also was considerable involve- 
ment of the peripelvic and peri-adrenal fat 
and of the epicardium. Widespread reticulo- 
endothelial hyperplasia was noted. 

The most constant postmortem findings 
are non-specific fatty infiltration and ne- 
crosis in the liver. The changes in the 
internal fat deposits mimic those noted in 
the subcutaneous adipose tissue. 

The cases reported since 1944 are sum- 
marized in Table in. 

CASE REPORTS 

Case i. J. H., a sixty-three year old Belgian 
male, entered the hospital February 19, 1946, 
complaining of joint pains, fever and subcutane- 
ous nodules of two weeks’ duration. 

At the age of seventeen the patient had an 
attack of polyarthritis that confined him to bed 
for six months. He was veil until the age of 
thirty-three when he developed polyarthritis 
and subcutaneous nodules. That illness differed 
from the present only in that it was much less 
severe and less abrupt in its onset. Symptoms 
(at that time) continued intermittently for three 
years with exacerbations lasting for about a 
month, followed by remissions of from two to 
three months. From the age of thirty-six to the 
onset of the present illness he had been free 
from any similar complaints. System review 
revealed only a history of dyspnea on moderate 
exertion lasting for the past two years. 

Physical examination revealed that the pa- 
tient was an elderly white male who appeared 
both acutely and chronically ill. The tempera- 
ture was 102.4°f., pulse 96 and respiration 22. 
The skin was warm, loose and dry, with evi- 
dence of moderate weight loss. The pharynx 
was acutely inflamed. The heart was slightly 
enlarged to percussion and the rhythm was 
regular with rare premature contractions. The 
heart sounds were of good quality with a blowing 
systolic murmur (grade m) at the apex. Blood 
pressure was 135/85. Both elbows were swollen, 
tender, red and hot. The shoulders and knees 
were tender and motion was limited because of 
pain. There were two raised, red, firm, non- 
tender nodules in the subcutaneous tissue 
apparently attached to the epidermis. The 
larger nodule (5 by 6 cm.) was on the posterior 
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Table iii 


Author 

Age 

Sex 

-% 

F 

Duration 

Site 

Temperature 

White 
Blood Cells 

Therapy 

Findings 


34 yr. 

29 mo. 

Thighs; 

101-104°f. 

? 


Autopsy: Non-suppurative exudate 




buttocks; 




in panniculus; collapse of many fat 





arms 




cells; necrosis of the exudate; lipo- 
phagocytosis and entry into the 
adipose cells of wandering phago- 
cytes and lymphocytes, both in the 
exudate and within the adipose 
cells; no changes in internal lat 
deposits; spleen enlarged; liver fatty 
with widespread necrosis mostly 
centrally located; fat emboli in 
lungs; hydropic degeneration of 
adrenal cortical cells 


23 mo. 

M 

6 mo. 

Thighs; ankles 

1 02°p. 

6,000; 54 per 
cent poly- 

? 1 

Biopsy; Polymorphous cellular infil- 
tration, many mononuclear phago- 









morpho- 


cytes with vacuolated cytoplasm 







nuclears 1 


between the fat cells; small vessels 






1 



surrounded by macrophages, lym- 
phocytes and plasma cells 

Spain and Foley 

51 yr. 

M 

8 days 

Arms; legs 

99-104°f. 

8,500; 85 per 1 

? 

Biopsy: Fat necrosis with surround- 






cent poly- 


ing infiltration of lymphocytes, 







morpho- 


occasional polymorphonuclears and 

• 






nuclears 


fat-laden macrophages, moderate 
increase in fibrous tissue adjacent to 
lesion. 









Autopsy: Chronic glomerulonephri- 









tis; pancreatic fat necrosis; fatty 
changes in liver; necrotic nodules 
in mesenteric, omental and pre- 
tracheal fat 


53 yr. 

1 

M 

10 wk 

Arms; thighs 1 

101°F. 

1,000-2,300; 
59 per cent 


Biopsy: None 

Baumgartner 

Penicillin 






lymphocytes 









56 yr. 1 

F 

3 episodes 

Whole body 

99-102V 

Early, 5,300; 


Biopsy: Infiltration of panniculus by 






I 

in 8 yr 

except head; 


43 per cent j 


lymphocytes, fibroblasts, some 


23 yr. 

F 

hands; feet 

103-105. 8°f. 

lympho- 
cytes; later, 
15,000; 87 
per cent 
polymor- 
phonuclears 

i 

-> 

plasma cells; later neutrophil, lipo- 
phages and giant cells; connective 
tissue septa thickened and infiltrated 

Biopsy: Chronic granulomatous in- 


5 yr. 









buttocks; 


42-55 per 


fiammation predominantly involv- 





breast 


cent poly- 


ing subcutaneous fat lobules; 







morpho- 


infiltration with round cells and 







nuclears 


large mononuclears; proliferated 
lamellae of adventitial cells about 









some vessels; death due to Staphy- 
lococcus aureus, coagulase positive, 

•Arnold . . . 

27 yr. 

F 

17 mo. 

Thigh; 

99°f 

12,100; 

Recovery 

septicemia 

Biopsy: Arteriolitis with thrombus 





forearm 


normal 

attributed to 

formation and recanalization; round 

7-rr . . , 






differential 

sulfapyridine 

ceil and polymorphonuclear infil- 
tration and fibrous replacement of 
subcutaneous fat 

23 yr. 

M 

1 mo. 

Abdominal 

104 0°r. 

3,200 ; 50-75 

Sulfadiazine 

Biopsy: Epidermis edematous; fascia 





wall; arm; 


per cent 

ineffectual; 

and adipose tissue hemorrhagic; 





legs; back; 


polymor- 

temperature 

minimal infiltration about blood 





trunk 


phonuclears 

normal after 

vessels and dermal appendages; 








1 5 days of i 

coagulation necrosis of some fat 








penicillin 

lobules, others densely infiltrated 
with mononuclears and ncutro- 
philes; interlobular septum edema- 
tous; small round coccoid bodies 
with the appearance of bacteria 

Allen. 

48 yr. 



Thighs 

Low grade 



found in some areas 






Biopsy: Infiltration of monuclenr 









cells, lymphocytes and histiocytes 
that select the fat lobules rather 









than the septa 


tT 'm case not summarized by Larkin. 


may, 1949 
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Table hi ( Continued ) 


Author 

Age 

Sex 

Duration 

Site 

Temperature 

White 
Blood Cells 

Therapy 

Findings 

Ungar 

37 yr. 

F 

9 mo. 

Trunk; fore- 
arm; thighs 

102-104°r. 

18,000; 
moderate 
shift to the 
left 

Potassium 
iodide pro- 
duced flare- 
up 

Biopsy: First, Iipogranuloma; sec- 
ond, suppurative inflammation of 
adipose tissue 

Autopsy: acute diffuse, suppurative 
peritonitis due to Streptococcus 
hemolyticus; relapsing and granulo- 
matous inflammation of adipose 
tissue throughout the body pre- 
dominantly in the retroperitoneal 
space; ulcer of skin due to extension 
of suppurative panniculitis to ar- 
terioles with subsequent thrombo- 
sis; thrombosis of pelvic and iliac 
veins and inferior vena cava 

MostofiandEngleman 

38 yr. , 

M 

9 mo. 

Arms; legs; 
thighs; 
trunk; 
forehead 

!01-!<M°f. 

2,600-5,000; 
68 per cent i 
polymor- 
phonuclears 

Atabrinc, 
quinine, sul- 
fonamides, 
emetine, 
penicillin and 
antimony, 
ineffectual 

Biopsy: Thin and atrophic epidermis; 
pink-staining material precipitated 
inside some fat cells; collapse of the 
cell membrane of a majority of 
cells; ruptured cells invaded by 
foamy macrophages, lymphocytes, 
plasma cells and neutrophils; macro- 
phages containing an occasional 
ingested lymphocyte and red 
blood cells seen; inflammatory’ 
reaction marked around small- 
sized vessels 

Autopsy: Bilateral blood-tinged pleu- 
ral effusion; liver: fatty changes in 
peripheral cells, necrosis and hem- 
orrhage in mid-zone and central 
areas; proliferation of bile ducts; 
considerable involvement of peri- 
pelvic, periadrenal and epicardial 
fat; widespread reticulo-endothelial 
hyperplasia 


wall of the right thorax while the smaller (2 by 
4 cm.) was on the medial aspect of the right 
knee. There were no other significant physical 
findings. 

Laboratory data revealed the following: 
Hemoglobin, 15.6 Gm.; red blood cells, 5,120,- 
000; white blood cells, 15,500; segmented forms, 
65 per cent; band forms, 11 per cent; lympho- 
cytes, 24 per cent. Urine: specific gravity, 
1.012 to 1.015; albumin: trace. Blood chemis- 
try: uric acid, 2.5 mg.; cholesterol, 233 mg.; 
sedimentation rate, 18 mm. in 25 minutes; 
cephalin flocculation, 1 plus in 48 hours. Ag- 
glutination for typhoid, paratyphoid A and B, 
typhus and brucella, negative. Blood culture, 
negative. 

X-ray examination showed that soft tissue 
swelling was present in both elbow joints. 
Advanced osteo-arthritic changes of the pro- 
ductive type were present in the right knee with 
earlier changes in the left knee and in both 
hip joints. 

The patient was hospitalized for sixty-seven 
days. He had recurrent episodes of fever as high 
as 105. 2°f., accompanied by the appearance of 


subcutaneous nodules, chiefly on the buttocks 
and lower extremities but also on the trunk and 
arms. Pain and swelling of the knees, elbows 
and shoulders accompanied some of the flare- 
ups. The longest continuous febrile period was 
eighteen days. Of the numerous nodules that 
appeared only one became fluctuant and on 
aspiration yielded 1 .5 cc. of thin, yellow, cloudy 
fluid. No organisms were obtained on smear or 
culture of this fluid. During the hospital stay 
there was a slight decrease in hemoglobin and 
red cells. Leukocytosis persisted without any 
change in the differential count. The sedimenta- 
tion rate remained accelerated. As the nodules 
subsided there was dimpling of the skin and in 
some spots brownish pigmentation appeared 
over the site of the nodules. 

Two courses of intramuscular penicillin were 
given, each for a period of four days for a total of 
one million units. Salicylates were given orally 
and rectally in large doses. Neither form of 
therapy seemed to have any influence on the 
course of the disease. 

A specimen was taken from the right buttock, 
consisting of skin and subcutaneous tissue, and 
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a biopsy was performed. The epidermis was 
intact and showed no changes. There was some 
edema and slight cellular infiltration of the 
deeper layers of the derma. No changes were 
noted in the hair follicles, sweat or sebaceous 
glands. The septa between the fat lobules were 
edematous and infiltrated with many cells, 
chiefly large mononuclears with dark-staining 
nuclei and granular cytoplasm but also with 
lymphocytes and polynuclears. (Fig. 1.) There 
was extensive necrosis of fat cells with evidence 
of fat being phagocytosed. (Fig. 2.) In addition 
to the cells described previously large mono- 
nuclears with pale nuclei (foam cells) and giant 
cells were present in close approximation to the 
necrotic fat. Polymorphonuclear leukocytes 
were more frequent in areas showing severe 
necrosis. Mild to moderate perivascular infiltra- 
tion was noted and there were a few small 
hemorrhages. 

Case ii. D. A., a fifty-eight year old white 
female, was admitted to the hospital complain- 
ing of nausea and vomiting of one week’s 
duration, accompanied by constant, moderately 
severe pain in the right upper quadrant. There 
was a past history of intolerance to fatty foods 
and of several attacks of abdominal pain and 
vomiting that had been attributed to gallbladder 
disease. 

Physical examination showed that the patient 
was a moderately obese woman; temperature 
was 106. 2°f. and pulse 120. Blood pressure was 
160/100. There was moderate tenderness in the 
right upper quadrant. The examination was 
otherwise negative. 

The outstanding feature of the laboratory 
studies was failure of the leukocytes to rise above 
9,000 cu. mm. although a moderate shift to the 
left was noted. The blood Kahn was negative. 
The urine showed a persistent trace of albumin. 

A flat plate of the abdomen in the prone and 
erect positions revealed slight elevation of 
the right dome of the diaphragm. The heart was 
moderately enlarged and the lungs showed 
increased fibrosis in the roots and bases. The 
gallbladder was not outlined by the administra- 
tion of oral dye. 

The patient was given 670,000 units of 
penicillin intramuscularly for a period of seven 
days. Abdominal signs and symptoms disap- 
peared by the fourth day. By the sixth day the 
temperature had gradually fallen to 101°f. and 
remained at that level for eighteen days, during 
M AV, 1 949 



Fig. 1. Case 1 . Section of panni cuius showing marked 
cellular infiltration of the septa. (X 100.) 


which time subcutaneous nodules appeared 
on the thighs and arms. 

A biopsy specimen consisted of subcutaneous 
tissue. The interlobular fat septa were infiltrated 
with a great many cells, lymphocytes pre- 
dominating. (Fig. 3.) Fibroblasts were in- 
creased, and there appeared to be proliferation 
of fibrous tissue in the septa. Fat necrosis was 
marked. Vacuolated giant and foam cells were 
present in great numbers. There was a paucity 
of blood vessels in the areas of fat necrosis and 
mild perivascular infiltration was the only 
change noted. 

Case iii. R. E. A., a sixty-three year old 
widow was admitted to the hospital in October 
1943, in a stuporous condition. A week prior to 
admission, while walking, she suddenly lost the 
power in her legs and fell to the ground without 
losing consciousness. Since then, she noticed 
residual weakness in her legs. 

The patient had had two previous admissions 
to this hospital. In 1941 a diaphragmatic hernia 
that reduced itself when the patient assumed an 
upright position was demonstrated. In 1943 
repair of the diaphragmatic hernia gave her 
complete relief from periods of abdominal pain, 
nausea and anorexia. Physical examination 
revealed evidence of right facial paralysis, a 
temperature of 101°f. and many scattered sub- 
cutaneous nodules of which the patient had been 
unaware. The nodules were present on the 
extensor surfaces of the legs, on the medial and 
lateral aspect of the thighs, over the right elbow 
and the right arm and left forearm. The nodules 
were not tender and with the exception of the 
largest, which appeared to be fluctuant, were 
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Fig. 2. Case 1. a, section of panniculus; extreme fat necrosis. Many large mononuclear cells with foamy cytoplasm 
present in necrotic areas and between fat cells. (X 100.) b, (X 250). 



Fig. 3. Case n. Section of panniculus. Infiltration of 
the septa with lymphocytes; rare giant cell present. 
Increase of fibrous tissue in the septa. ( X 200.) 


firm. The overlying skin was reddened. The 
diagnosis at admittance was erythema nodosum. 

Laboratory data was as follows: Red blood 
cells, 4,010,000; hemoglobin, 80 per cent; white 
blood cells, 13,000; polymorphonuclears, 76 
per cent; lymphocytes, 21 per cent; monocytes, 
2 per cent; eosinophiles, 1 per cent. Urine: 2 plus 
albumin and 10 to 12 white blood cells per high 
powered field. 

Fluoroscopic examination of the chest showed 
enlargement of the left ventricle with moderate 
dilatation of the descending aorta. There was 
slight dilatation of the lower end of the esophagus 
and two small diverticula were found in this 
area. 

The patients’ temperature was 101°f. for the 
first forty-eight hours; it rose to 104.4°f. on the 
third day and gradually fell to 100°f. during the 


next forty-eight hours. For the following six 
weeks, during which time the nodules gradually 
disappeared, the temperature fluctuated be- 
tween 98° and 100.2°f. 

The patient was seen in consultation by the 
Dermatological Service which suggested the 
possibility of Weber-Christian disease. All 
symptoms gradually subsided and the patient 
was discharged on the seventy-second hospital 
day. No therapy was given. 

The biopsy specimen consisted of skin and 
subcutaneous tissue. No abnormalities w’ere 
noted in the former. The inflammatory process 
appeared to be more acute in this specimen than 
in either of the previous specimens and there 
was little if any fibroblastic proliferation. The 
interlobular septa were heavily infiltrated with 
lymphocytes and polymorphonuclears and these 
cells were also common in areas of fat necrosis. 
Multinucleated giant cells were very con- 
spicuous and various stages in the breakdown 
of fat were demonstrated. (Fig. 4.) The blood 
vessels showed endothelial proliferation, thicken- 
ing of the walls and extensive perivascular 
infiltration with lymphocytes predominating. 
There were several minute hemorrhages. 

Twenty-two months later the patient was 
re-admitted to one of the surgical services 
because of a painful mass of one week’s duration 
over the lateral surface of the right knee. She 
stated that since her previous admission she had 
had many of these painful areas which persisted 
for about a month. 

Physical examination at this time showed that 
generally there were no changes since the 
previous admission. Her temperature was 
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Fig. 4. Case in. a, section of panniculus. Minimal fibroblastic proliferation. Various stages in the breakdown of 
fat are present with destruction of cellular boundaries and phagocytosis of fat. (X 100.) b, (X 400). 


101 .6°f. Over the lateral aspect of the head 
of the right fibula there was a red, hot mass 
3 cm. in diameter in the center of which was a 
red punctate area with a surrounding zone of 
erythema about 11 cm. in diameter. The tem- 
perature rose to 102.0°f. for twelve days and 
then in a period of two weeks fell to normal. 
During this time the mass resolved without 
fluctuation. The patient was given 6 Gm. of 
sulfadiazine daily for twelve days. 

dhe patient was again seen in June, 1947 and 
there had been no recurrence of the nodules. No 
evidence of atrophy was present. 

COMMENT 

Relapsing, febrile, nodular, non-suppura- 
tive panniculitis is a well defined clinical 
entity and even in the absence of palpable 
nodules should be considered as a possible 
cause of unexplained fever since the early 
febrile stage, noted in some cases without 
palpable subcutaneous nodules, may well 
be due to panniculitis of the internal fat 
deposits. 

No single factor has been advanced to 
explain the etiology of Weber-Christian 
isease. Weber 16 doubts that the condition 
ean be considered a pathologic entity, 
■s case and two of Bailey’s 11 were mani- 
esUy due to the administration of iodides. 

ngar s 14 patient had a flare-up follow- 
ing potassium iodide. Weber 16 states that 
10 ’^ es are capable of producing the 
Pat xologic picture in certain susceptible 

Mav, 1949 


individuals. Similar pathologic changes 
have been produced by local application of 
cold, by subcutaneous injections and by 
trauma in established cases. In no instance 
has direct bacterial action been demon- 
strated as a cause of the lesions. The small 
coccoid bodies noted by Zee 10 were not 
identified. The gram-negative rod recovered 
by Baumgartner and Riva 1 from a nodule 
produced necrotic hepatitis and lobular 
hemorrhagic pneumonia in mice but failed 
to agglutinate with the patient’s serum. 
Ungar 14 believes that failure to destroy the 
septum is against direct bacterial invasion. 

It appears to us that the changes in the 
panniculus are secondary to disturbance 
in the vascular supply to the tissue. This 
seems to be the only manner in which the 
widely scattered localization of the inflam- 
mation can be explained. The incidence of 
the lesions on the extremities would seem 
to be due to the susceptibility of these parts 
to accidental trauma and to the predilection 
for vascular lesions to develop on dependent 
parts. We believe that the reaction in the 
adipose tissue is due to small areas of 
ischemia secondary to thrombosis or end- 
arteritis in the smaller vessels, with subse- 
quent death of the fat cells and ingestion of 
fat by macrophages and mononuclear 
elements. This explanation would seem to 
be excluded by the report of Shaffer 13 in 
whose patient no changes were found in the 
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blood vessels. That case, however, is not 
typical of Weber-Christian disease, in that 
most of the lesions went on to liquefaction, 
a termination rare in relapsing, febrile, 
nodular, non-suppurative panniculitis. 

The association of severe muscular and 
joint pain in our first patient with con- 
current attacks of panniculitis brings to 
mind a question by Weber and Gray. 17 
“It is a question whether there may not be 
minor (incomplete) forms of dermato- 
myositis in which (in the absence of direct 
examination) the muscles appear to be not 
or only very slightly affected, and in which 
consequently a diagnosis of multiple relaps- 
ing panniculitis has to be made.” 

Meakins 18 also states that where fibrositis, 
panniculitis and myositis begin and end, 
or whether they are all part of a local 
lesion, is difficult to determine. These are 
important points for further investigation 
for we have been able to find in the litera- 
ture only a single description of muscle 
tissue taken in conjunction with the pan- 
niculus at biopsy. Conversely, in Weber and 
Gray’s 17 case of polyderma tomyositis no 
mention is made of histologic change in 
muscle while extensively illustrated descrip- 
tions of the changes in the panniculus, 
considered classical of Weber-Christian 
disease, are given. 

Whether Weber-Christian disease is 
limited to the panniculus remains to be 
demonstrated by more extensive biopsy and 
microscopic study. 

SUMMARY 

1. The literature on Weber-Christian 
disease is reviewed. 

2. Three additional cases are reported. 

3. A vascular disturbance is suggested as 
a cause of the reaction in the panniculus. 

4. A relationship of relapsing, febrile, 
nodular, non-suppurative panniculitis to 
dermatomvositis is suggested. 
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Editorial 


Synthetic Analgesic Drugs 


F ew drugs have as impressive a history 
as opium. It has been used for more 
than two millenia although its im- 
portant therapeutic applications were not 
generally recognized until more recently. 
The isolation of the principal alkaloids of 
opium in the nineteenth century and the 
more recent chemical modification of alka- 
loidal structure to produce substances such 
as dihydromorphinone (Dilaudid) and me- 
thyldihydromorphinone (metopon) repre- 
sented important steps forward but did not 
foretell great progress in the search for 
analgesic drugs which could replace mor- 
phine or its related alkaloids. 

Only a decade has passed since the 
announcement of Eisleb and Schaumann 
that a relatively simple compound, meperi- 
dine (Demerol, Dolan tin), an ester of 
phenylpiperidinecarboxylic acid, is a po- 
tent analgesic drug. This discovery proved 
that the structural peculiarities of the 
alkaloids of the morphine group need not 
dominate the search for new analgesics. It 
promised new insight into the relationship 
between chemical structure on the one 
hand, and analgesic potency, undesired 
toxic effects and addiction-liability on the 
other. This promise has been strengthened 
A the recent introduction of methadone, 
ylcthadone (amidon, Dolophine, Adanon) 
IS f synthetic analgesic as potent as mor- 
phine. A derivative of heptanone, its 
structure differs from that of meperidine. 

to formulas here given enable one to 
compare the structures of morphine, meperi- 
dine and methadone. 
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Ethyl-l-methyl-4-phenylpiperidine-4-carboxylate hydro- 
chloride. Meperidine (Demerol) hydrochloride. 
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6-DimethyI-amino-4,4-diphenyl-heptanone-3 hydrochlor- 
ide. Methadone (Dolophine, Adanon) hydrochloride. 


Drugs used for a specific effect often have 
similar patterns of action extending to effects 
which either are undesired or undesirable 
or both. How similar are the pharmacologic 
patterns of morphine, meperidine and 
methadone? All three relieve pain and the 
analgesic action is the primary therapeutic 
use to which they arc put. Meperidine is 
about one-tenth as potent as the other two 
in terms of the dose required for analgesia. 
Specialized experimental algesimetric tests 
suggested that methadone is even more 
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potent than morphine. However, clinical 
comparisons have not consistently revealed 
important differences in dose and for 
practical purposes morphine and methadone 
can be regarded as equipotent analgesics. 

Is the liability to addiction with physical 
dependence and tolerance-development nec- 
essarily a part of the pharmacologic pattern 
of a potent analgesic drug? The evidence 
available requires an affirmative answer to 
this question although that answer must be 
provisional and subject to qualification. 
Himmelsbach, Isbell and their colleagues 
have studied in addicts as quantitatively 
as possible the phenomena of addiction to 
"morphine and of physical dependence on 
the drug as measured by signs and symp- 
toms of withdrawal. The addiction-liability 
of morphine with the development of unusual 
tolerance is notoriously high and there is a 
correspondingly great physical dependence 
on the drug.. If morphine be used as a 
standard of addiction, then meperidine can 
be considered an analgesic of low addiction- 
liability. Primary habituation and addic- 
tion to meperidine have occurred but the 
number of such cases in psychiatrically 
normal persons is certainly small. On the 
other hand, it is a dangerous but less 
desired substitute for morphine in the real 
or potential morphine-addict and appears 
to resemble codeine in this respect. Toler- 
ance of the analgesic or toxic effects of 
meperidine appears slowly and is much 
lower than that reached after repeated 
doses of morphine. 

Apart from its analgesic action, the best 
evidence that methadone is a pharmacologic 
relative of morphine comes from studies 
of its effects in addicts. It can provide a 
euphoria nearly as satisfying as that of 
morphine and Anslinger has warned that 
addicts are often successful in obtaining 
the drug from physicians who would be 
suspicious of a request for morphine. It can 
be substituted for morphine without recog- 
nition by the addict. In fact, its substitution 
for morphine followed by abrupt with- 
drawal is probably the best means of with- 
drawing morphine since the abstinence 


syndrome after methadone is much milder 
than after morphine alone (Isbell and 
others). Therefore, physical dependence, 
measured by abstinence symptoms, is much 
lower than for morphine even after doses of 
methadone approaching the limits of toler- 
ance. If one were limited only to these 
considerations, he might conclude that the 
addiction-liability of methadone is con- 
siderable. Such a generalization may ap- 
proach the truth in the real or potential 
addict but at present cannot be sustained 
from clinical experience in normal patients. 
There has been no report of primary addic- 
tion to methadone. In experimental ani- 
mals, especially dogs, varying degrees of 
addiction with tolerance have been pro- 
duced. On the other hand, in the monkey 
from which any data obtained should be 
more significant, Seevers and his colleagues 
could demonstrate addiction and tolerance- 
development for morphine but not for 
methadone. Normal patients requiring a 
drug for the relief of severe pain have taken 
methadone for weeks or even months. 
Tolerance may or may not appear and 
require a moderate increase of dose. Pri- 
mary addiction with withdrawal symptoms 
has not been reported. 

It would be expected that habituation 
and addiction would be facilitated by an 
analgesic causing euphoria. The euphoria 
which is commonly observed in patients 
receiving therapeutic doses of morphine 
occurs infrequently after meperidine (less 
than 10 per cent of patients) and perhaps 
even less often after methadone. Sedation 
is unquestionably much more pronounced 
after morphine than after meperidine or 
methadone. Indeed, the sedative action of 
methadone is usually so slight as to make 
it less suitable than morphine for special 
uses such as pre-anesthetic medication from 
which sedation may be desired. Cough can 
be efficiently suppressed by small doses of 
methadone whereas after meperidine an 
antitussive effect is not observed. The effects 
of the three drugs on smooth muscle offer 
interesting similarities and contrasts. Mor- 
phine reduces the propulsive activity of the 
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gastrointestinal tract by complex effects; it 
causes smooth muscle spasm especially of 
the sphincters; it lessens the secretion of 
digestive glands; its central action inter- 
feres with the defecation reflex. Although 
thought to be a spasmolytic drug, meperi- 
dine in normal persons usually increases 
smooth muscle tone, particularly of the 
small intestine. Neither meperidine nor 
methadone causes constipation. The spas- 
mogenic action of meperidine is also illus- 
trated by its action on the sphincter of the 
common bile duct which is thrown into 
spasm so that the intrabiliary pressure rises. 
Morphine and codeine act similarly. Mor- 
phine causes ureteral spasm whereas the 
effect of meperidine, if any, is to relax the 
smooth muscle of the ureters. At least in 
the anesthetized dog the injection of metha- 
done is followed by relaxation of the 
ureters. 

A comparison of the toxic effects of doses 
in the therapeutic range does not favor 
morphine. Dizziness, nausea and vomiting 
may follow the administration of any of the 
three analgesics. The frequency of these 
signs and symptoms, especially reported in 
ambulatory patients, is probably as high 
• after morphine as after either meperidine 
or methadone. Minor toxic symptoms may 
be more characteristic of a particular drug, 
for example, pruritus is more common after 
morphine; flushing, perspiration and dry- 
ness of the mouth are more frequent after 
meperidine. Lethal doses of any of the three 
drugs cause respiratory paralysis. However, 
effects of therapeutic doses on respiration 
can usually be demonstrated only after 
morphine. Exceptional are patients with 
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intracranial lesions in whom meperidine 
may cause an alarming respiratory depres- 
sion. In contrast, meperidine is the best 
available potent analgesic for obstetric use. 
Unlike either morphine or methadone it 
does not cause serious depression of respira- 
tion in the newborn infant. Toxic doses of 
all three analgesics cause mixed signs of 
central depression and excitation. Diffuse 
excitation rather than depression is more 
characteristic of meperidine than of mor- 
phine or methadone. 

A comparison of morphine with its 
synthetic competitors, meperidine and me- 
thadone, demonstrates that either or both 
substitutes can usually replace it as a power- 
ful and reasonably specific analgesic. The 
discovery of these synthetic analgesics, 
differing in structure from each other and 
from morphine, has greatly stimulated the 
investigation of related compounds, some 
of which have remarkable pharmacologic 
properties which are not necessarily desir- 
able therapeutically. The therapeutic value 
of meperidine and methadone justifies an 
unrelenting search for better analgesics 
which may also be found, by trial and error, 
in compounds not suspected of possessing 
analgesic properties. Perhaps the ideal 
analgesic drug, specific for the relief of 
pain, useful for long periods without in- 
crease of dose or danger of habituation or 
addiction and causing few or trivial toxic 
effects can be discovered. 

H. B. van Dyke, m.d. 

Columbia University College 
of Physicians and Surgeons, 
New York, N. Y. 


June, 1949 


Clinical Studies 


Modification of the Effects of Immobilization 


upon Metabolic and Physiologic Functions 
of Normal Men by the Use of an 
Oscillating Bed" 

G. Donald Whedon, m.d., John E. Deitrick, m.d. and Ephraim Shorr, m.d. 

with the technical assistance of 
V. Toscani, V. Buniak Davis and E. Stevens 
New York. New York 


T he effect of immobilization upon 
various metabolic and physiologic 
functions of four normal young men 
has been the subject of a previous communi- 
cation . 1 The results of this study revealed 
that immobilization over periods of several 
weeks brought about significant losses of 
nitrogen, sulfur, calcium, phosphorus and 
potassium in healthy men. Creatine metab- 
olism, control of the circulation in the up- 
right position, and muscle mass and strength 
were also significantly impaired. These find- 
ings provided a quantitative measure of the 
degree to which immobilization per se may 
contribute to the metabolic and circulatory 
derangements observed in traumatic and 
infectious states. 

There has been a rapidly growing interest 
in recent years in the development of 
methods for shortening convalescence. These 
methods have included early ambulation 
for postoperative patients 2-5 and programs 
of physical reconditioning inaugurated dur- 
ing the war by the British 6 and later adopted 
by our own military forces . 7-10 These 
methods are not generally applicable to all 


disease states or to all types of patients; 
they are primarily designed for convales- 
cence after brief illness and for patients 
whose physical condition is such as to per- 
mit ambulant activity during convalescence. 
All these programs allow for a variable 
period of inactivity after the infectious, 
surgical or traumatic episode prior to the 
institution of rehabilitating procedures 
The present study was primarily con- 
cerned with the development of procedures 
which could be instituted without delay 
and which would be applicable to condi- 
tions necessitating prolonged immobiliza- 
tion and for which convalescent training 
methods are unsuitable. These represent an 
important group of diseases, such as spinal 
cord injury, fracture of the pelvis or spine, 
severe burns and abdominal wounds, and 
extensive paralysis resulting from polio- 
myelitis or cerebral vascular accidents. 
Prolonged immobilization exposes these pa- 
tients not only to derangements of circula- 
tory, muscular and metabolic functions but 
also to the dangers of stone formation in the 
urinary tract and its consequences. The 


* From the Department of Medicine, Cornell University Medical College, the New York Hospital and the 
Russell Sage Institute of Pathology', New York, N. Y. This investigation was carried out under a contract, recom- 
mended by the Committee on Medical Research, between the Office of Scientific Research and Development and 
Cornell University Medical College, and was aided in part by a grant from the National Foundation for Infantile 
Paraly’sis, Inc. 
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desirability of any procedure which would 
maintain the body in the best possible 
metabolic and physiologic state during the 
period of enforced immobilization is evident. 

Among the methods considered were 
calisthenic exercises, massage and passive 
exercise. These were quite unsuitable for 
the specific experimental conditions being 
explored which required that the lower half 
of the subjects’ bodies be encased in plaster, 
as in the previous study, which was to serve 
as the base-line for the evaluation of the 
therapeutic regimen. The extent of the 
circulatory derangements observed during 
immobilization in the previous study sug- 
gested that benefit might be derived from 
any device, such as the oscillating bed 
described by Sanders 11 which would bring 
about continuous postural changes. It was 
conceivable that this bed, which rocks 
slowly back and forth, raising the head and 
lowering the feet with each oscillation, might 
exert favorable effects upon the circulation 
and possibly upon metabolic functions. 
T his bed had the further advantage of being 
applicable to patients immobilized in plaster, 
finally, any gain achieved by use of the 
bed would conserve nursing and physio- 
therapy facilities. For these reasons, the 
Sanders oscillating bed was selected for 
evaluation of its possible beneficial effects 
on the variety of physiologic and metabolic 
effects previously observed to follow im- 
mobilization in an ordinary hospital or 
fixed bed. 

PROCEDURE 

1 firce normal healthy young men were 
studied on a constant dietary intake before, 
duiing and following a five- week period of 
immobilization in plaster casts in oscillating 
)cds. The three subjects had all taken part in 
tic immobilization experiment (on standard 
mspital or fixed beds) previously reported. 1 

lie metabolic and physiologic data of each 
m ijcct in the fixed bed experiment could there- 
orc scrvc as the control for his data in the 
present experiment since the same experimental 
conditions were maintained, except for the use 
0 oscillating beds during the immobilization 
period. Identical metabolic balances and physi- 

jus-r., 1949 
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ologic studies were carried out on the Metabolism 
Ward of the New York Hospital and the Russell 
Sage Institute of Pathology. 

During the control phase of the experiment, 
which lasted four to five and one-half weeks, the 
subjects carried on the same degree of activity 
as in the control phase of the fixed bed experi- 
ment. In addition to being up and about on the 
Metabolism Ward, they took exercise in the 
form of calisthenics for one-half hour, swim- 
ming for one-half hour each day and one hour 
walks outside the hospital under escort three or 
four times a week. 

During the immobilization period, which 
lasted five weeks, the subjects were placed in the 
same type of cast as in the fixed bed experiment, 
a bival'ved plaster cast extending from the 
umbilicus to the toes. Time out of the casts for 
bowel movements and for tilt table and ergo- 
meter tests was the same as in the fixed bed 
experiment and averaged thirty to forty 
minutes daily. 

For subjects E. M. and C. O. the oscillating 
bed was in motion altogether eight hours daily. 
For subject S. W. the oscillating bed was in 
motion twenty-one hours daily, being stopped 
only for meals, bed baths and bowel movements. 
The beds rocked slowly up and down on a ful- 
crum at the middle of the bed (Figs. 1 and 2); 
the total arc of excursion was 24 degrees, the 
feet moving 5 degrees above and 19 degrees 
below the horizontal. The speed of oscillation 
was adjusted so that one complete cycle re- 
quired one and three-fourths minutes. The 
subjects became adjusted to the motion of the 
bed within two days. The bed rocked so slowly 
that they were barely conscious of movement 
and were merely aware of a slight shift of weight 
with each oscillation and slight pressure chiefly 
on the bottom of the heels in the foot-down 
position. The pressure on the heels initially 
provoked some soreness and redness which was 
eliminated by adjustment of the padding of the 
cast. 

During the recovery period the subjects were 
allowed to be progressively ambulant on the 
third day and by the twelfth day resumed the 
same level of activity as during the control 
period. In subjects E. M. and C. O. recovery 
was studied for five weeks. In S. W. recovery 
was studied for six and one-half weeks following 
which he was again immobilized for a two-week 
period, this time in a fixed bed. The re-immobili- 
zation of this subject in a fixed bed was carried 
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Figs. 1 and 2. Subject in bi-valved plaster cast on oscillating bed, showing arc of excursion 
employed. One complete cycle required one and three-fourths minutes. Figure 1, head of 
bed down 5 degrees. Figure 2, foot of bed down 1 9 degrees. 


out for the purpose of providing a check on the 
results of the first fixed bed experiment. Would 
the same healthy young individual respond to 
immobilization in a fixed bed in the same way 
and to the same degree as he had one year pre- 
viously? The recovery phase following the two 
weeks’ re-immobilization of S. W. was studied 
for eleven days. 

Subjects E. M. and C. O. were studied in the 
oscillating bed experiment from September to 
December, 1945, during the same months of 
the year but one year later than they had been 
studied in the fixed bed experiment. Subject 
S. W. was studied from February to January, 


1946, exactly one year after he had been studied 
in the fixed bed experiment. 

SUBJECTS 

The subjects, E. M., C. O. and S. W., ranging 
in age from twenty-one to thirty years, were 
described in the report of the fixed bed experi- 
ment. 1 The subjects’ heights and weights are 
shown in Table I. 

DIETS 

Throughout the experiment all three subjects 
received a 2,800 calorie diet, the composition of 
which is given in Table i. In the previous fixed 
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bed experiment C. O. and S. W. had received 
this same diet whereas E. M. had received a 
diet of slightly lower caloric (2,500) and mineral 
content. A description of the diets and of their 
composition as determined by direct analyses 
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modification of the method of Herbert; in addi- 
tion, heparin tolerance tests as outlined by de 
Takats 15 and prothrombin time determinations 
by the Link-Shapiro method 16 were carried out 
on S. W. 


Table i 


DAILY DIETARY INTAKE AND PHYSICAL CHARACTERISTICS OF SUBJECTS 


Subject 

Age 

Yr. 

Height 

Cm. 

Weight 

Kg. 

Calories 

Protein 

Gm. 

Fat 

Gm. 

1 

CHO 

Gm. 

Ca 

Gm. 

P 

Gm. 

Na 

Gm. 

K 

Gm. 


■1 

161 

72 


■s 

114 

352 

0.920 

1 

4.00 

3.76 


KB 

MEM 

66 



114 

352 

0.920 

■ 

4.00 

3.76 


21 

181 

66 

■ 


114 

352 

0.920 


4.00 

3.76 


were given in the previous study 1 and in greater 
detail in separate reports. 12,13 Sodium intake 
was kept constant at 4.0 Gm. per day for all 
subjects in this experiment. In S. W. the slight 
increase in nitrogen, calcium and phosphorus 
intake beginning at period vm occurred because 
of the necessity for using the wartime “emer- 
gency” bread made from dark flour. * 

METHODS 

A. Chemical Studies. The metabolic balances 
(in seven-day periods), collection and prepara- 
tion of specimens and methods of chemical 
analyses were carried out in the same manner 
as in the fixed bed experiment. 1 Urinary cal- 
cium, phosphorus and citric acid 14 were deter- 
mined on consecutive four- and three-day 
pooled specimens. 

B. Physiologic Studies. Physiologic studies were 
carried out as described in the report of the 
fixed bed experiment with the following modi- 
fications. In all subjects, measurements of the 
girth of the legs were made with the device 
previously described 1 which involves the use of 
a wide metal band encircling the leg under 
constant and equal tension. With this device 
measurements of the circumference of the calves 
could be closely checked by different observers 
(standard deviation for four control weeks 
among all subjects = ±2.4 mm., or 0.67 per 
cc nt). Blood coagulation studies included the 

etcrminaticm of coagulation time by the Lee- 
lite method and prothrombin time by a 

The authors arc deeply indebted to Elizabeth Curtin, 
nurse of the Metabolism Ward, for the supervision 
t >c dietary and other aspects of the “patient” care 

tiring this and the previous immobilization study. 
June, 1949 


RESULTS 

A. Chemical Studies. 7. Nitrogen: During 
the control periods the subjects maintained 
small positive nitrogen balances with the 
output relatively constant. The average of 
the total outputs of the last three control 
periods served as the control base-line. Dis- 
placements or variations from the control 
base-line were employed for the calculation 
of the total losses of nitrogen occurring 
during immobilization on the oscillating 
bed and in the single re-immobilization in 
the fixed bed (subject S. W.). Calculation 
of the total losses occurring during immo- 
bilization in the first fixed bed experiment, 
with which these losses will be compared, 
were made in the same manner. 

During the first four days of immobiliza- 
tion there was little change in nitrogen 
output. A rise then occurred which began 
on the fifth or sixth day and reached its 
maximum during the second and third 
weeks. In comparison with the fixed bed 
experiment the pattern of nitrogen loss was 
similar but the extent of nitrogen loss was 
approximately one-half as great in two of 
the three subjects. In the third subject 
(C. O.), whose losses of nitrogen were small 
in both experiments, the loses were almost 
identical in both types of immobilization. 
The repetition of immobilization of subject 
S. W. in the fixed bed (for two weeks) 
resulted in a loss of nitrogen identical with 
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the loss sustained during the same period 
of time in the first fixed bed experiment and 
approximately twice as great as during the 
initial two weeks in the oscillating bed. 

During the recovery phase the subjects 


tion of nitrogen occurred at the fifth week 
for E. M. and C. O., at the second week 
for S. W. 

A more detailed comparison of the 
changes in nitrogen metabolism in the fixed 


Table ii 


COMPARISON OF NITROGEN METABOLISM DURING AND FOLLOWING FIVE WEEKS’ IMMOBILIZATION IN FIXED 

AND OSCILLATING BEDS* 

I. IMMOBILIZATION 


Subject 

Control 

Five-week Period of Immobilization 

Average 

Daily 

Balance 

Gm. 

Average 

Daily 

Balance 

Gm. 

Average 

Daily 

Loss 

Gm. 

Total N 
Loss, First 
2 Weeks 
Gm. 

Total N 
Loss, First 
3 Weeks 
Gm. 

Total N 
Loss, 

5 Weeks 
Gm. 

Maximum 
from Conti 

Week of 
Occur- 
rence 

Deviation 
ol Base-line 

Deviation 
Gm./day 
(for that 
week) 

E. M., fixed 

+ 1.36 

-0.81 

2.17 


58.31 

75.95 

2nd 


E. M., oscillating . 

+0.61 

-0.36 

0.97 

17.43 

27.79 

33.95 

2nd 


C. O., fixed 

+1.54 

+0.86 

0.68 


16.66 


3rd 

-0.91 

C. O., oscillating . . 

+1.66 

+0.95 

0.71 


15.61 

24.85 

3rd 

-1.08 

S. W., fixed 

+0.60 

-0.82 

1.42 


38.43 

49.70 

2nd 

-2.78 

S. W., oscillating. . 

+ 1.55 

+0.68 

0.87 

11.90 

16.24 

30.45 

2nd 

-1.69 


II. RECOVERY 


Subject 

Average Daily 
Balance 
through First 

4 Weeks Gm. 

Average Daily 
Gain through 
First 4 Weeks 
Gm. 

Total N 
Retention, 
First 3 Weeks 
Gm. 

Total N 
Retention, 
First 4 Weeks 
Gm. 

Total N 
Retention, 
First 5 Weeks 
Gm. 

Total N 
Retention, 

6 Weeks 
Gm. 

E. M., fixed 

+2.15 

0.79 

8.54 

22.12 



E. M., oscillating 

+2.41 

1.80 



66.22 


C. O., fixed 

+2. 18 f 

■ 

13.44 




C. O., oscillating .... 

+ 1 • 97 1 


6.44 

14.28 

22.89 


S. W., fixed 

+2.21 

1.61 

24.22 

45.01 

61.53 

73.29 

S. W., oscillating .... 

+2.49 

0.94 

21.63 

26.46 

30.38 

34.79 


* Control base-line balance in fixed bed experiment = average of last four control weeks; control base-line balance 
in oscillating bed experiment = average of last three control weeks. 

t Data given for first three weeks, since in this subject in the fixed bed experiment balance studies were carried out 
only through the first three recovery weeks. 


promptly began to retain nitrogen. By 
the end of the third week of recovery E. M. 
had regained all of the nitrogen lost during 
immobilization and thereafter stored ad- 
ditional nitrogen. C. O. and S. W. regained 
nearly all of their lost nitrogen by the end 
of the fifth recovery week. Maximum reten- 


and oscillating bed experiments is presented 
in Figure 3 and Tables ii and in. 

2. Calcium: During the control periods 
the subjects were approximately in calcium 
equilibrium. During immobilization there 
was a gradual increase in calcium excretion. 
This increase occurred principally in the 
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urine, the increase in fecal calcium being 
small and variable. Urinary calcium excre- 
tion increased less rapidly than in the 
fixed bed experiment, and by the third to 
fourth week reached a plateau-like peak 
which was substantially lower than the 
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base-line excretion of each of the subjects 
was somewhat higher in the oscillating bed 
experiment, the rise in urinary calcium 
from the base-line and the total losses of 
calcium in the urine were considerably 
smaller during the immobilization in the 


COMPARISON OF NITR OGEN BALANCES 


IMMOBILIZATION IN FIXED AN D- OS C I LL ATI N G BEDS 

CONTROL BED REST RECOVERY 



Fig. 3. Comparison of the changes in nitrogen metabolism resulting from im- 
mobilization in fixed and oscillating beds in three normal male subjects. The 
balances are plotted as deviations from the control baseline which in the fixed 
bed experiment was an average of the balances of the last four control weeks 
and in the oscillating bed experiment an average of the last three control 
weeks. In this and in each of the subsequent graphs “bed rest” indicates the 
immobilization phase of the experiments. The interrupted vertical line in the 
bed rest area of the graph marks the end of the five weeks during which the 
subjects were immobilized in oscillating beds; this convention has been 
adopted in each of the graphs in order to permit comparison of the metabolic 
and physiologic changes during an equal period of immobilization. “Fixed 
Bed 11 ” refers to a two-week period of re-immobilization of subject S. W. in a 
fixed bed following recovery from immobilization in an oscillating bed. 


levels reached during immobilization in 
the fixed bed. For all three subjects the 
maximal urinary calcium excretion (for a 
three- or four-day pooled specimen) ranged 
rom ^55 to 45B mg. per day with an 
average maximum of 311 mg. as contrasted 
'uth the maximum urinary calcium excre- 
tion of the same three subjects in the fixed 
xxh of 140 to 594 mg., with an average 
maximum of 362 mg. Since the control 

juxt, 1949 


oscillating bed. (Tabic iv and Fig. 4.) The 
average maximum increase in urinary cal- 
cium in the oscillating bed experiment was 
121 mg., in the fixed bed experiment 233 
mg. The total losses of calcium in the urine 
during immobilization in the oscillating bed 
averaged only 51 per cent of the total losses 
for the same period of time during immo- 
bilization in the fixed bed. The total losses 
(urinary plus fecal) in the oscillating bed 
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experiment averaged 46 per cent of the 
total losses in the fixed bed experiment. 
(Table v and Fig. 5.) 

Factors influencing urinary calcium solu- 
bility showed little or no change. Urine 
volumes increased slightly (average daily 
Table hi 

COMPARISON OF NITROGEN METABOLISM DURING A TWO 
WEEKS RE-IMMOBILIZATION IN FIXED BED WITH FIRST 
TWO WEEKS OF IMMOBILIZATION IN PREVIOUS FIXED 
AND OSCILLATING BED EXPERIMENTS 


Experiment 
(Subject S. W.) 

Control 

Base- 

line 

Balance 

Gm./ 

day 

Devia- 
tion of N 
Balance 
during 
2nd 
Week 
from 
Control 
Base- 
line 

Gm./day 
(for the 
week) 

Increase 
above 
Control 
Level of 
Average 
Daily 
Urinary 
N Out- 
put 
during 
2nd 
Week 
Gm./ 
day 

Total 
N Loss 
during 

2 Weeks 
Immo- 
biliza- 
tion 
Gm, 

Fixed bed i 

+0.60 

-2.78 

2.77 

20.72 

Oscillating bed. . . 

+1.55 

-1.69 

1.76 

11.90 

Fixed bed n 

+2.11* 

-2.27 

2.05 

20.72 


* Control base-line balance of second fixed bed ex- 
periment — average of last three periods (18 days) of 
oscillating bed experiment recovery phase. 


urine volumes averaged 250 cc. higher 
during the immobilization periods than 
during the control periods). Urinary pH 
rose between 0.1 and 0.2 units (the slight 
shift toward alkalinity being less favorable 
for calcium solubility). Citric acid excretion 
did not change significantly. These findings 
were the same as were observed in the fixed 
bed experiment. 

During the recovery phase following im- 
mobilization in the oscillating bed calcium 
excretion receded toward control levels 
more rapidly than it did in the fixed bed 
experiment. In two of the subjects, C. O. 
and S. W., retention began at the second 
to third week and gradually became more 
marked throughout the five to six weeks 
during which recovery was studied. In 
E. M. calcium excretion approximately 
reached control levels at the third week but 
no appreciable calcium retention occurred. 

The re-immobilization of subject S. W. 
for two weeks in a fixed bed resulted in a 
rise in urinary calcium at approximately 
the same rate as during his first immobiliza- 
tion in the fixed bed. The control base-line 
for this second fixed bed experiment was 
not at a closely comparable level to the con- 
trol base-lines of the previous experiments 


Table iv 

COMPARISON OF URINARY CALCIUM EXCRETION DURING FIVE WEEKS IMMOBILIZATION IN FIXED AND 


OSCILLATING BEDS 


Subj'ect 

Control 

Five-week Period of Immobilization 

Control 

Base-line 

Urinary 

Calcium 

Output* 

Gm./day 

Average 

Daily 

Urinary 

Calcium 

Output 

Gm. 

Increase above 
Control Base-line 
of Average Daily 
Urinary Calcium 
Output 

Gm. 

Total 

Urinary 

Calcium 

Loss 

Gm. 

Maximum Urinary Calcium 

Week of 
Occurrence 

Maximum 
(for that 
week) 
Gm./day 

Deviation 

from 

Control 

Base-line 

Gm./day 

E. M., fixed 

0.050 

0.100 

0.050 

1.75 

■ ■ 

n 


E. M., oscillating 

1 

0.130 

0.034 

1.19 

jgfll 

■ 

iH 

C. O., fixed 


0.274 

0.158 

5.53 

IGS-' 

0.319 

0.203 

C. O., oscillating 

0.223 

0.284 

0.061 

2.13 

He1» 

0.306 

0.083 

S. W., fixed 

0.213 

0.494 

0.281 

9.84 

ShE S 

0.577 

MBrMv 

S. W., oscillating 

0.252 

0.382 

0.130 

4.55 

5th 

0.445 

HI 


* Control base-line urinary calcium output in fixed bed experiment = average of last four control weeks; conti ol 
base-line urinary calcium output in oscillating bed experiment = average of last three control weeks. 
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MGM r M 

PER 200, 

24 HRS. 

2001 


URINARY CAL CIUM EXCRETION 
IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 
CONTROL BED REST RECOVERY 



— FIXED BED 
--OSCILLATING BED 



Fig. 4. Comparison of the changes in the urinary excretion of calcium resulting 
from immobilization in fixed and oscillating beds in three normal male subjects. 
The ordinate scales for urinary calcium excretion (in mg. per twenty-four hours) 
have been placed so that the control baselines of the fixed and oscillating bed ex- 
periments are superimposed. The control baseline urinary calcium excretion for 
the fixed bed experiment was an average of the outputs of the last four control 
weeks, for the oscillating bed experiment an average of the outputs of the last 
three control weeks; for the re-immobilization of subject S. W. in a fixed bed 
(Fixed Bed h) the control baseline was an average of the last two periods (eleven 
days) of the oscillating bed experiment recovery phase. 
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Table v 

COMPARISON OF TOTAL CALCIUM METABOLISM DURING FIVE WEEKS’ IMMOBILIZATION 

IN FIXED AND OSCILLATING BEDS 


Subject 

Control 

Five-week Period of Immobilization 

Recovery Period 

Total 

Calcium 

Deficit 

(A+B) 

Gm. 

Average 

Daily 

Balance* 

Gm. 

Average 

Daily 

Balance 

Gm. 

i 

Average 

Daily 

Loss 

Gm. 

Total Ca 
Loss 
during 
Immo- 
bilization 
(A) 
Gm. 

Maximum Deviation 
from Control 
Base-line 

1 

No. of 
Weeks of 
Addi- 
tional 
Calcium 
Loss 

Total 

Addi- 

tional 

Calcium 

Loss 

during 

Recovery 

(B) 

Gm. 

Week of 
Occur- 
rence 

! 

Deviation 
Gm./day 
(for that 
week) 

b- M., fixed. . 

E. M., oscillating 
b*- O., fixed. 

oscillating 
S- bV., fixed . 

S - b\\, oscillating 

*rv , 

+0.131 

+0.055 

+0.130 

+0.010 

+0.081 

+0.101 

-0.026 

-0.024 

-0.108 

-0.058 

-0.253 

-0.098 

0.157 

0.079 

0.238 

0.068 

0.334 

0.199 

5.50 

2.76 

8.33 

2.38 

11.69 

6.96 

5th 

5th 

5th 

5th 

5th 

4th ! 

i 

-0.280 

-0.175 

-0.329 

-0.157 

-0.500 

-0.278 

4 

2 

3 

1 

3 

2 

2.76 

1.37 

2.04 

0.99 

5.25 

1.39 

8.26 

4.13 

10.37 

3.37 

16.94 

8.35 


balance h? balance in fixed bed experiment = average of last four control weeks; control base-line 
seriating bed experiment = average of last three control weeks. 
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because some calcium retention was still 
going on six and one-half weeks following 
the immobilization in the oscillating bed. 
However, the prompt and marked increase 
in urinary calcium when S. W. was again 
placed in a fixed bed is evident. (Fig. 4.) 


phorus began to increase promptly during 
immobilization and reached a peak at the 
second week, coinciding closely with the 
peak of urinary nitrogen excretion. A second 
peak of phosphorus excretion occurred at 
the fourth to fifth weeks at the time when 


COMPARISON OF CA LCIUM BALANCES 
IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 



Fig. 5. Comparison of the changes in calcium metabolism resulting from im- 
mobilization in fixed and oscillating beds in three normal male subjects. The 
balances are plotted as deviations from the control baseline which in the fixed 
bed experiment was an average of the balances of the last four control weeks and 
in the oscillating bed experiment an average of the last three control weeks. 


This increase was twice as great as occurred 
during the same length of time in the 
oscillating bed. (Table vi.) 

3. Phosphorus: During the control phase 
the subjects maintained small positive 
balances as related to intake. During im- 
mobilization there was an increase in both 
urinary and fecal phosphorus excretion; 
the increase in fecal phosphorus, however, 
was very small and variable. Urinary phos- 


calcium excretion was at maximum levels. 
During recovery phosphorus excretion fell 
rapidly to levels below the control base-line, 
greatest retention of phosphorus occurring 
at the third to fourth recovery weeks. 

The total amounts of phosphorus lost 
during the five weeks’ immobilization in the 
oscillating bed were significantly less than 
resulted in the fixed bed in two of the three 
subjects. (Table vn.) In E. M. and C. O. 
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Table vi 

COMPARISON OF URINARY AND TOTAL CALCIUM METABOLISM DURING TWO WEEKS’ RE-IMMOBILIZATION 
IN FIXED BED WITH FIRST TWO WEEKS OF IMMOBILIZATION IN PREVIOUS FIXED AND OSCILLATING 

BED EXPERIMENTS 


Experiment 
(Subject S. W.) 

Control 

Two-week Period of Immobilization 

Control 
Base-line 
i Urinary 
| Calcium 
Output 
Gm./day 

Control 

Base-line 

Balance 

Gm./day 

Average 
Daily 
Urinary 
Calcium 
| Output 
during 
2nd Week 
Gm./day 

Maximum Urinary 
Calcium 

Total 

Urinary 

Calcium 

Loss 

Gm. 

Deviation 
of Ca 
Balance of 
2 nd Week 
from 
Control 
Base-line 
Gm./day 

Total 

Calcium 

Loss 

(Urinary 

plus 

Fecal) 

Gm. 

Maximum, 
Derived 
from a 3- or 
4-day Pooled 
Urine Speci- 
men (during 
2 nd week) 
Gm./day 

Deviation 
from j 

Control 
Base-line 
Gm./day 

Fixed bed I 

0.213 

+0.081 

0.486 

0.488 

0.275 

2.674 

-0.255 

2.317 

Oscillating bed . 

0.252 

+ 0.101 

0.355 

0.361 

0.109 

0.910 

- 0.111 

1.526 

Fixed bed n . . . . 

0.168* 

+0.235** 

Q.383 

0.452 

0.284 

2.009 

-0.300 

2.786 


* Control base-line urinary calcium output of second fixed bed experiment = average of last two periods (1 1 days) 
of oscillating bed experiment recovery phase. 

* * Control base-line balance of second fixed bed experiment = average of last three periods (1 8 days) of oscillating 
bed experiment recovery phase. 


Table vii 

COMPARISON OF PHOSPHORUS METABOLISM DURING FIVE WEEKS’ IMMOBILIZATION 
IN FIXED AND OSCILLATING BEDS 



Control 

Five-week Period of Immobilization 







Maximum Deviation 





Total 

Urinary 

Phosphorus 

Loss 

Gm. 

Total 

from Control Base-line 

Subject 

Average 

Average 

Daily 

Balance 

Average 

Phosphorus 




Daily 
Balance * 

Daily 

Loss 

Loss 

(Urinary 


Deviation 


Gm. 

Gm. 

Gm. 

Plus Fecal) 

Week of 

Gm./day 


! 



Gm. 

Occurrence 

(for the 
week) 


M., fixed. . 

' 

+0.328 


0.278 

4.62 

9.73 

2 nd 

-0.373 



E - M., oscillating . . . 

C- O., fixed 

C- 0 „ oscillating . . . 



1 



5tli 

-0.319 

+0.151 

+0.014 

0.137 

3.22 

4.79 

1 st 

-0.235 

+0.278 

+0.147 

0.131 

3.89 

4.58 

4 th 

j -0.188 

+0.191 

+0.105 

0.086 

2.38 

3.01 

1 st 

-0.142 

S- W., fixed. . 

+0.169 



I 

7 . 53 

4th 

-0.103 

-0.370 

S - W-, oscillating . . . 




«J 1 Cl 1 

+0.189 

-0.046 

0.235 

7.70 

8.22 

2 nd 

-0.256 







| 4th 

-0.288 


balan ^ase-line balance in fixed bed experiment = average of last four control weeks; control base-line 

ce o osculating bed experiment = average of last three control weeks. 
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the losses of phosphorus in the urine, during 
immobilization in the oscillating bed were 
70 per cent and 61 per cent, respectively, 
of the amounts lost by these two subjects 
in the urine during immobilization in the 
fixed bed; the total losses (urinary plus 


in the fixed bed and during the first two 
weeks of immobilization in the oscillating 
bed and first fixed bed experiments were 
also nearly identical in this subject. 

4. Total sulfur: The ratio of urinary total 
sulfur to urinary total nitrogen during the 


Table viii 

RATIO OF URINARY NITROGEN TO URINARY TOTAL SULFUR 


(oscillating bed experiment) 



Subj'ect E. M. 

Subj'ect C. O. 


Subject S. W. 


Periods 

Average 

Daily 

Urinary 

Nitrogen 

Gm. 

Average 

Daily 

Urinary 

Total 

Sulfur 

Gm. 

N:S 

Ratio 

Average 

Daily 

Urinary 

Nitrogen 

Gm. 

Average 

Daily 

Urinary 

Total 

Sulfur 

Gm. 

N:S 

Ratio 

Average 

Daily 

Urinary 

Nitrogen 

Gm. 

Average 

Daily 

Urinary 

Total 

Sulfur 

Gm. 

N:S 

Ratio 

Control 


HR 



mm 

11 

M 


■ 

Last four weeks 

14.09 

■ 

15.44 

11.30 





Hi 


12.67 

mmm 

15.39 

10.48 

BBS 

Ha 

ms 

0.745 

ESS 


12.95 

0.826 

15.68 

11.93 

0.759 

15.73 

BH 

0.755 

eh 


12.72 

0.842 

15.13 

11.73 

0.759 

15.48 

n.66 

0.790 

EH 

Average of last 







; 



3 control weeks 

12.78 

0.830 

15.40 

11.38 

0.721 

15.80 

11.61 

0.763 

15.22 

Immobilization 


mi 


mm 


HI 




1st week 

12.57 





E 

11.56 

0.770 

15.03 

2nd week 

14.81 

BBS 

16.69 

ms 

BBS 

Rsa 

13.36 

0.875 

15.27 

3rd week 

14.27 

B9 

16.13 

mam 

BBS 

16.52 

12.55 

0.848 

14.80 

4th week 

13.34 

0.883 

15.12 

12.34 

0.775 j 

15.93 

13.15 

0.840 

15.66 

5th week 

13.04 

0.845 

15.44 

11.70 

0.757 j 

15.48 

12.51 

0.835 

14.99 

Recovery 









15.14 

1st week 

11.77 

0.765 

15.39 

11.35 

11111 


■11.93 

0.788 

2nd week 

10.70 

0.686 

15.60 

10.60 

BBS 

15.47 

10.12 

0.700 

14.48 

3rd week 

10.79 

0.733 

14.73 

10.37 

BBS 

14.97 

10.37 

0.680 

15.26 

4th week 

10.92 

0.735 

14.88 

10.03 

0.688 

14.60 

11.29 

0.753 

15.00 

5th week 

6th week 

10.06 

0.692 

14.56 

9.91 

0.680 

14.60 

11.36 

11.30 

0.755 

0.773 

15.06 

14.62 


fecal) were 49 per cent and 65 per cent, 
respectively, of the total amounts lost during 
immobilization in the fixed bed. In S. W. 
the total phosphorus loss (urinary plus 
fecal) during the five weeks’ immobilization 
in the oscillating bed exceeded the total loss 
during five weeks in the fixed bed by 9 per 
cent. The amounts lost in the urine by this 
subject were nearly identical for five weeks’ 
immobilization in both experiments; the 
amounts of phosphorus lost in the urine 
during the two weeks of re-immobilization 


last three control weeks was 1:15.4 for 
E. M., 1:15.8 for C. O. and 1:15.2 for 
S. W. As in the fixed bed experiment, this 
sulfur .'nitrogen ratio was maintained quite 
constantly from week to week throughout 
the immobilization and recovery period, 
suggesting a sulfur rich source for the 
excreted nitrogen, presumably muscle in 
large measure. (Table viii.) 

5. Potassium: During the control phase 
the subjects were approximately in potas- 
sium equilibrium. During the first week or 
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first two weeks of immobilization potassium 
excretion increased in all three subjects. 
Thereafter there was wide variation among 
the subjects. In E. M. the excretion of 
potassium remained elevated throughout 
the immobilization period declining toward 
equilibrium during the last two weeks; his 
total loss of potassium was 7.63 Gm. In 

S. W. potassium was lost during the first 
three weeks of immobilization and retained 
during the last two weeks, yielding a net 
loss of 1.75 Gm. C. O. exhibited a marked 
potassium retention during the last three 
weeks of immobilization so that his overall 
balance for the five weeks was +6.3 Gm. 
In spite of these marked individual varia- 
tions in potassium excretion, the balances 
of all three subjects were less negative dur- 
ing immobilization in the oscillating bed 
than during the same length of time in the 
fixed bed. 

6. Sodium: During immobilization sodium 
excretion increased slightly. The increase 
occurred only in urinary excretion, fecal 
excretion remaining less than 0.04 Gm. 
daily during all phases of the experiment. 
The total losses of sodium ranged from 
3.85 Gm. to 8.75 Gm. during five weeks’ 
immobilization. 

During recovery sodium excretion dimin- 
ished to control levels. In two subjects 
sodium retention did not occur. In the third 
subject retention occurred only during the 
first two recovery weeks. 

Sodium balance studies had been carried 
out in both the fixed and oscillating bed 
experiments in only one subject, S. W. In 
this subject the total sodium loss was 6.72 
m. during five weeks in the fixed bed, 

5 Gm. during five weeks in the oscillating 
bed. 

7. Cicaiinc metabolism: As in the fixed bed 
experiment, urinary creatinine excretion 
remained quite constant throughout all 
periods of study. Creatine excretion showed 

+ to day fluctuations at a low level 
. 1C . l pD r intake not creatine-free), but no 
S1 j? ni lcant shifts occurred from one phase 
° stu dy to the next. However, the decreases 
ln c, eatine tolerance occurring as a result 
June, 1949 
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of immobilization were significantly altered 
by the use of the oscillating bed. Although 
creatine tolerance also declined progressively 
during the immobilization stage of this ex- 
periment, the extent of decline was con- 
siderably less than during immobilization 

Table ix 

COMPARISON OF CREATINE TOLERANCE TESTS (PER CENT 
RETENTION OF FED CREATINE) IN FIXED BED AND 
OSCILLATING BED EXPERIMENTS 


Periods 

Subject E. M. 

Subject C. O. 

Subject S. W. 

Fixed 

Bed 

Oscil- 

lating 

Bed 

Fixed 

Bed 

Oscil- 

lating 

Bed 

Fixed 

Bed 

Oscil- 

lating 

Bed 

Control 







last six 

88 




91 


weeks 






. 




160 


98 

84 


99 

98 

91 

99 

89 




97 


100 


100 



100 

98 

100 

80 

100 

Immobilization 







1st week 

83 





82 

2nd week 


87 

29 

93 

46 


3rd neck 



56 


26 

64 

4th week. . . . 

76 

88 

50 

81 

48 

73 

5th week 


81 

24 

42 

44 

73 

6th week 

70 




13 


Recovery 







1st week 

70 


27 




2nd week 


98 


73 

73 

84 

3rd week 

91 

100 

90 

100 


99 

4th week 

100 


95 


100 


5th week 


100 


95 

98 

89 

6th week 





100 

93 


in the fixed bed experiment. (Table ix.) 
The lowest percentages of creatine retention 
in tests of creatine tolerance during im- 
mobilization in the oscillating bed were 81 
per cent, 42 per cent and 64 per cent for 
E. M., C. O. and S. W., respectively. Dur- 
ing the same period of immobilization in 
the fixed bed the lowest percentages of 
retention were in the same order 70 per 
cent, 24 per cent and 13 per cent. 

8. 17-Ketosteroids: The excretion of 17- 
ketosteroids over the entire period of im- 
mobilization gave average values which 
were not significantly lower than those for 
the control and recovery periods. There 
was in all three subjects a slight and 
questionably significant reduction toward 
the end of the immobilization period. The 
absence of any correlation between the 
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changes in nitrogen excretion and 17- 
ketosteroid excretion is evident in Table x. 

In the previous immobilization study 
only one subject, E. M., had shown a 
significant decrease in 17-ketosteroid excre- 

Table X 

URINARY 17-KETOSTEROID EXCRETION (ANALYSES OF 
SEVEN-DAY POOLED URINE SPECIMENS) AND COM- 
PARISON WITH TOTAL NITROGEN EXCRETION 

OSCILLATING BED EXPERIMENT 



Subject E. M. 

Subject C. O. 

Subject S. \V. 

Periods 

17-keto- 

steroids 

Mr./ 

day 

Nitro- 

gen 

Total 

Excre- 

tion 

Gm./ 

day 

17-kcto- 

steroids 

Mg./ 

day 

Nitro- 

gen 

Total 

Excre- 

tion 

Gm./ 

day 

1 7-keto- 
steroids 

Mg./ 

day 

Nitro- 

gen 

Total 

Excre- 

tion 

Gm./ 

day 

Control 







1st week 






13.43 

2nd week. . . . 

11.05 

15.38 

12.85 

12.86 

11 .50 

13.59 

3rd week 

8.82 

13.61 

11.05 

11 98 

12.10 

12.97 

4 th week 

9.30 

14.17 

9.35 

13.15 

13.05 

12.81 

5 th week 

8.93 

13 74 

11 80 

13 12 

11 70 

12 85 

Average of last 3 







control weeks. 

9.02 

13 84 

10.73 

12.75 

12.28 

12.88 

Immobilization 







1st week 

10.50 

14.07 

11 .62 

13.00 

14.20 

12.89 

2nd week 

9.22 

16.10 

11.50 

13.73 

13.50 

14.62 

3rd week .... 

8.90 

15.32 

11.10 

13.87 

10.80 

13.77 

4 th week 

8.30 

14.34 

9.85 

13.69 

10.01 

14 51 

5 th week 

7.90 

14.20 

9.18 

13.20 

10.64 

13.85 

Average of im- 
mobilization 







weeks 

8.96 

14.81 

10. G5 

13.50 

11.83 

13.93 

Recovery 







1st week 

7.12 

12.70 

10.75 

12.98 

11.85 

13.27 

2nd week 

10.55 

11.83 

10.50 

12.33 

10.70 

11.48 

3rd week .... 

8.10 

11.70 

11.60 

12.14 

9.45 

11.66 

4th week 

9.95 

11 .92 

11.05 

U .67 

8.85 

12.51 

5 th week ... . 
6th week. . . . 

9.25 

11.59 

12.72 

11.56 

7.48 

8.55 

12.59 

12.54 

Average of 







recovery' weeks 

8.99 

11.95 

11.32 

12.14 

9.48 

12.34 


tion during the period of immobilization 
in the fixed bed. 

9. Other factors in the urine: Urinary specific 
gravity measured daily did not change 
significantly during the various periods of 
study. On fairly constant fluid intake levels, 
averaging approximately 2,300 cc. daily, 
the average daily urine volumes among the 
three subjects were approximately 250 cc. 
higher during immobilization than during 
the control phase. An increase in urine 
volume of the same extent occurred during 


the immobilization period in the fixed bed 
experiment. 

10. Blood chemistry studies: There were no 
significant changes in the blood levels of 
total proteins, phosphorus, sodium and 
potassium during immobilization in the 
oscillating bed. 

During immobilization in the fixed bed 
elevations in serum calcium levels were 
observed in all four subjects. In the present 
experiment changes in serum calcium were 
less striking. (Table xi.) In two of the 
subjects (E. M. and S. W.) the average 
serum calcium levels during immobilization 
were slightly higher than the average levels 
during the control phase. 

B. Physiologic Studies. 7. Basal metabolism. 
Tests of the basal metabolic rate showed a 
decline among all three subjects during 
immobilization which ranged from 0.9 to 
1 .4 calories per square meter per hour. This 
represents a bare 3.4 per cent average re- 
duction in basal oxygen consumption during 
immobilization in the oscillating bed. In 
the fixed bed experiment for these three 
subjects a 5.1 per cent reduction was found 
in basal metabolism during immobilization. 
In the recovery phase following immobiliza- 
tion in the oscillating bed, basal metabolism 
returned to control levels in two to three 
weeks. 

Determinations on two subjects while the 
bed was oscillating did not show a significant 
difference between oxygen consumption 
during oscillation and in the stationary 
horizontal position. Oscillation at the speed 
employed appeared not to increase oxygen 
consumption in the basal state in the limited 
number of determinations carried out. 

2. Muscle strength: Comparison of the 
decreases in muscle strength during five 
weeks’ immobilization in the fixed and 
oscillating bed experiments revealed that 
in the oscillating bed there was a smaller 
reduction in muscle strength particularly 
in the immobilized leg muscles. 

Strength of the biceps muscle groups 
showed an average decline among the three 
subjects of a little less than 5 per cent in 
each experiment. Strength of the shoulder 
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and arm muscles tested by the straight arm 
pull showed an average decline of 8.2 per 
cent during five weeks in the fixed bed and 
3.4 per cent in the oscillating bed. In the 
leg muscles the strength of the anterior 
tibia! muscle groups declined on an average 
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3. Girth of extremities: Girth of the thighs 
and calves decreased during the five weeks' 
immobilization in the oscillating bed to a 
slightly smaller extent than they had 
decreased during the same length of time 
in the fixed bed. 


Table xi 


CHANGES IN SERUM CALCIUM LEVELS DURING IMMOBILIZATION IN OSCILLATING BED 


Subject 

Control 

Five Weeks’ Immobilization 

Recovery 

No. of 
Determina- 
tions 

Range and 
Average 
Value 

Mg./lOO cc. 

No. of 
Determina- 
tions 

1 

Range and 
Average 
Value 

Mg./lOO cc. 

i 

Week of 
Occurrence 
of Maximal 
Value 

No. of 
Determina- 
tions 

Range and 
Average 
Value 

Mg./lOO cc. 

1 

E.M. 

3 

11 .2 

2 

12.4 

3rd 

2 

11.6 



(10.6-11.8) 


(12.2-12.6) 



(11.5-11.8) 

C. 0. 

3 

12.3 

2 

12.2 

5th 

2 

11.5 



(11.9-13.0) 


(11.8-12.7) 



(11.5-11.6) 

S. W. 

3 

10.7 

5 

11.1 

3rd 

2 

10.7 



(10.5-11.1) 


(9.4-12.3) 



(10.3-11.1) 


14.3 per cent in the fixed bed and 9.2 per 
cent in the oscillating bed. The decline in 
strength of the gastrocnemius-soleus muscle 
groups in the fixed bed ranged from 13.2 per 
cent to 26.6 per cent with an average decline 
of 20.2 per cent; in the oscillating bed the 
decline in strength ranged from 10.9 per 
cent to 23.8 per cent with an average decline 
of 15.6 per cent. 

In the recovery phase of the oscillating 
bed experiment approximately three weeks 
"’ere required for muscle strength to return 
to control levels. The time required for 
• ccovery of muscle strength was slightly 
longer (approximately four weeks) follow- 
in S '^mobilization in the fixed bed. 

The re-immobilization of S. W. in a fixed 
)cd for two weeks resulted in a decline of 
0 per cent on the average in the strength 
°f the anterior tibial and gastrocnemius- 
so CUs muscle groups. During the first two 
"ecks of immobilization in the first fixed 
^cd experiment the average decline in 
stiength of these muscle groups was 11 per 
oent. but during the same period of time in 
1 ,c oscillating bed the decline in strength 
"as only 2 per cent. 

JBST., 1949 


Analysis of the decreases in the girth of 
the thighs in the two experiments revealed 
differences which, though not statistically 
significant, were all in the direction of 
smaller decreases in girth in the oscillating 
bed. Analysis of the calf measurements of 
subject S. W., all of which were made with 
the accurate device previously described, 1 
revealed significantly smaller decreases in 
the oscillating bed experiment. The girth 
of the calves in S. W. decreased by 4.2 per 
cent in the oscillating bed and by 5.7 per 
cent during five weeks in the fixed bed. In 
subjects E. M. and C. O. measurements 
made during the fixed bed experiment were 
not strictly reliable since they were made 
with a narrow steel tape. However, in each 
leg of both subjects the decreases in girth 
of the calves were consistently smaller in 
the oscillating bed experiment although in 
subject C. O. the differences were very 
slight. 

Comparison of the girth measurements of 
S. W. during the two weeks’ re-immobiliza- 
tion in the fixed bed with the first two weeks 
of immobilization in the previous fixed and 
oscillating bed experiments showed approxi- 
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mately equal decreases in thigh and calf 
circumferences in all three experiments. 

4. Tilt table: Use of the oscillating bed 
during immobilization tended to prevent 
deterioration of the mechanisms essential 
for circulatory control in the erect position. 


was reached at which circulation became 
impaired, dizziness and pallor appeared 
and fainting followed shortly thereafter. 

Figure 6 presents a comparison of the 
results of tilt table tests in the fixed and 
oscillating bed experiments, showing the 


COMPARISON OF TILT TABLE TESTS 
IMMOBILIZATION IN FIXED AND OSCILLATING BEDS 




Fig. 6. Comparison of the effect of immobilization in fixed and oscillating beds 
on the results of tilt table tests, showing the number of minutes in the tilted 
position (65 degrees feet downward) required for the pulse pressure to fall to 
critical levels of 10 to 12 mm. of Hg. 


which had been found to occur during im- 
mobilization of the same subjects in fixed 
beds. This effect of the oscillating bed was 
indicated by the uniformly improved reac- 
tion of the subjects’ circulation and de- 
creased tendency to faint in tilt table tests. 

Analysis of tilt table tests performed 
during the fixed bed experiment and corre- 
lation of the data on pulse rate and blood 
pressure with the observed general reactions 
of the subjects indicated that the pulse 
pressure was the most important factor 
involved in the response of the circulation 
to tilting. With the subject standing in the 
upright position on the tilt table it was found 
that when the pulse pressure fell to between 
10 and 12 mm. of mercury, a critical level 


number of minutes required for the pulse 
pressure to fall to the critical levels of 10 to 
12 mm. when the subjects were tilted to 
65 degrees, feet downward. In the fixed bed 
experiment, during the immobilization phase 
some impairment of circulatory control be- 
gan to take place within one week, and the 
number of minutes required to reach 
critical pulse pressure levels became mark- 
edly reduced within two to three weeks so 
that actual fainting frequently occurred. 
In the oscillating bed experiment during 
the immobilization phase circulatory con- 
trol was maintained almost at the control 
level. In the recovery period circulatory 
control on the tilt table fully returned to 
the control level within two weeks in this 
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experiment, whereas three to four weeks 
were required in the fixed bed experiment. 

The re-immobilization of S. W. in a 
fixed bed for two weeks brought about 
essentially the same degree of circulatory 
deterioration as had occurred during im- 
mobilization in the first fixed bed experi- 
ment, only six to eight minutes being 
required for critical pulse pressure levels 
to be reached. 

Tiny purpuric hemorrhages in the skin 
of the feet and legs had occurred in all three 
subjects in tilt table tests during the latter 
part of the immobilization phase in the 
fixed bed experiment. However, in the 
oscillating bed experiment no petechial 
hemorrhages appeared in any subject. 

5. Blood volume: The fall in plasma volume 
and total blood volume during immobiliza- 
tion was almost identical in the fixed and 
oscillating bed experiments. The decreases 
in blood volume averaged slightly less 
during the immobilization in the oscillating 
bed but not significantly so. 

In the fixed bed experiment during im- 
mobilization the average decrease in plasma 
volume in the three subjects was 217 cc. 
or 6.9 per cent, in total blood volume 
295 cc. or 5.7 per cent. In the oscillating 
bed the average decrease in plasma volume 
was 190 cc. or 5.9 per cent, in total blood 
volume 234 cc. or 4.3 per cent. 

Re-immobilization of S. W. for two weeks 
m a fixed bed brought about a 5.0 per cent 
decrease in plasma volume and 5.2 per cent 
decrease in total blood volume. 

6. Circulation time: Decholin and macasol 
circulation times showed no changes during 
immobilization in either the fixed or oscil- 
lating bed experiments. 

7. Blood coagulation studies: Studies em- 
ployed on all three subjects were coagulation 
time as determined by the Lee- White 
method and prothrombin time by a modi- 
ication of the method of Herbert. Coagula- 
tion times following the injection of 1 cc. of 
icparin intravenously both by the Lee- 

bite and capillary tube methods were 
carried out at approximately two-week 
intervals on subject S. W., and prothrombin 

JUNE, 1949 
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time determinations by the. Link-Shapiro 
method were carried out every other day 
during the week preceding and the two 
weeks of re-immobilization of S. W. in a 
fixed bed. None of these studies indicated 
a significant influence of bed rest upon blood 
coagulation. 

8. Exercise tolerance tests: As in the fixed 
bed experiment Master tests showed a 
decrease in exercise tolerance following 
immobilization. The recovery of exercise 
tolerance to control levels required three 
to four weeks following the immobilization 
in the oscillating bed as against four to six 
weeks following the immobilization in the 
fixed bed. 

9. Heart size: Kymograms of the chest 
failed to reveal any significant changes in 
heart size during this experiment. With 
this technic, as with the standard chest x-ray 
technic employed in the fixed bed experi- 
ment, there was considerable variation in - 
the apparent size of the heart. 

10. Electrocardiograms: Electrocardiograms 
taken in the resting horizontal position dur- 
ing control and immobilization periods 
showed that during immobilization the 
heart rate was slightly increased and T 2 
decreased in height between 1 and 3 mm. 
These changes were similar to those which 
occurred during immobilization in the 
fixed bed. 

11. Resting pulse rate and blood pressure: 
During immobilization in the oscillating 
bed the resting pulse rate increased on an 
average 3.0 beats per minute (4.3 beats per 
minute in the fixed bed). During the first 
three weeks of recovery there was an addi- 
tional average increase of 3.1 beats per 
minute, (3.7 beats in the fixed bed). After 
the third recovery week in both experiments 
the resting pulse rate declined toward the 
control level. In the oscillating bed experi- 
ment the control level was reached at ap- 
proximately the fifth recovery week; in the 
fixed bed experiment the resting pulse rates 
had not quite reached the control level by 
the end of the sixth week. 

Resting arterial systolic and diastolic 
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blood pressures did not change significantly 
in either experiment. 

12. Hematocrits and blood counts: No signi- 
ficant changes attributable to immobiliza- 
tion occurred in hematocrits, blood cell 
counts or hemoglobin estimations. There 


Table xii 

CHANGES IN BODY WEIGHT DURING THE OSCILLATING BED 
EXPERIMENT 


Subject 

! 

! 

Control 

; 

Immobilization 

Recovery 

Weight J 
Change 
(Last 
Three 
Weeks) 
K g- 

1 

I 

No. of 

Weeks 1 

1 

. 

Weight 
Change j 
K g- 

No. of 
Weeks 1 

| 

Weight 

Change 

K S- 

E. M. 1 

- 0.4 

C 1 

D j 

- 0.7 

5 

+ 1.2 

C. O. 

+ 0.4 

5 

+1.1 ! 

5 ! 

-0.2 

s. w. 

-0.8 

l 5 i 

-1.2 

6 

- 0.7 

1 


was a gradual fall in hematocrits through- 
out the experiment ranging from 2.3 to 3.3 
volumes per cent, which may be partially 
accounted for by the withdrawal of blood 
for chemical studies. 

13. Body weight: As in the fixed bed ex- 
periment changes in body weight were 
small during the various periods of study. 
(Table xn.) 

14. Various observations oj circulation and 
respiration during oscillation: An indication of 
the effect of oscillation upon the venous 
circulation of the legs and upon the venous 
return of blood to the heart may be ob- 
tained from the continuous direct measure- 
ments of venous pressure in the foot veins 
during oscillation. The average change in 
venous pressure in subject C. O.’s dorsal 
foot vein with each change in position of 
the bed was 136 mm. of water, and in 
subject S. W.'s dorsal foot vein 148 mm. of 
water. Observations of foot veins during 
oscillation revealed that the veins filled in 
the foot-down position and emptied in the 
horizontal. Measui'ements of foot vein to 
tongue or carotid circulation time were 
not made.' 

There was a constant rhythmical varia- 


tion in the pulse rate of the subjects during 
oscillation, the pulse rate being slowest in 
the horizontal position, speeding up gradu- 
ally as the bed tilted, being the most rapid 
at the maximum foot-down position then 
decreasing gradually as the bed rocked 
back to the horizontal position. The pulse 
rate was approximately 10 to 12 beats per 
minute, more rapid in the foot-down posi- 
tion than in the horizontal position. 

Tracings of the respiration of the subjects 
during oscillation made with a pneumo- 
graph and with a spirometer showed 
changes in the average level or position of 
the diaphragm with each change in posi- 
tion of the bed. As the bed tilted into the 
foot-down position, the diaphragm and rib 
cage shifted gradually into a definite in- 
spiratory position; as the bed rocked back 
to the horizontal position, the diaphragm 
and rib cage shifted gradually back to the 
original mid-position. Despite these shifts 
in the position of the diaphragm, minute 
ventilation at rest was not greater during 
oscillation than in the stationary horizontal 
position. 

PSYCHOBIOLOGIC EFFECTS OF IMMOBILIZATION 
IN AN OSCILLATING BED* 

The three subjects of this experiment, 
none of whom had a major psychiatric 
disorder, were studied to determine the 
psychobiologic effects of immobilization in 
an oscillating bed. Data were collected by 
psychiatric interviews and recorded on a 
check list of daily experiences. The list 
contained sixty-five items relating to physi- 
cal and mental activity and energy, psy- 
chosomatic reactions, mood changes, sleep, 
sexual behavior and reactions to doctors, 
nurses and visitors. 

The data revealed that the reactions to 
immobilization were markedly variable 
from subject to subject, both in pattern and 
degree, and were expressions of the subject s 
dominant personality traits. 

A subject’s immediate reaction to im- 

* From the Department of Medicine (Neurolog)). 
Cornell University Medical College. This work « a<; 
carried out by Dr. Keeve Brodman. 
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mobilization (such as dependency, aggres- 
sion or suppression of all emotion) was 
similar to that experienced in other situa- 
tions of stress and danger, each subject 
according to his own dominant personality 
traits. These reactions occurred most mark- 
edly during the two days early in the control 
period when the cast was fitted, again 
during the first forty-eight hours of im- 
mobilization and once more during the 
first few days after the cast had been 
removed. In the five weeks of immobiliza- 
tion each subject manifested, either overtly 
or indirectly, some signs of anxiety, hostility 
and increased sexual tension. Changes also 
took place in mental activity, physical 
activity and the sleep pattern. Complaints 
of physical discomfort such as impaired 
sleep and stiffness and soreness of the mus- 
cles were minimal and were rarely expressed 
after the first week. Stiffness of the knees 
occurred in one subject; this was slight and 
was present only during the final week in 
the cast. 

Certain physiologic phenomena, such as 
decrease in appetite, generalized weakness 
and increased fatigue on exertion were 
clearly less marked than they had been in a 
previous immobilization in a fixed bed. In 
recovery mild dizziness was noted only 
momentarily, unsteadiness of the legs lasted 
to the third recovery day, and weakness of 
the legs for ten days. The subject who 
icportcd stiffness of the knees during the 
final week in the cast continued to have it 
to a slight degree for three weeks in re- 
covery; this was the same subject who 
following immobilization in the fixed bed 
iad noted knee stiffness and soreness for 
several months. The reduction in intensity 
0 ^ lcs c physiologic phenomena is associ- 
ated with both psychosomatic factors and 
t ic effects of oscillation on the circulation. 

n all instances these reactions were 
matkedly less than had been noted one year 
previously when each of the three subjects 
"as immobilized in a fixed bed. Since these 
reactions are similar to those the subjects 
rxpeiienccd in other situations of stress and 

an gci and since in their first experience 
Jcnk, 1949 
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the subjects had discovered that immobiliza- 
tion was not really to be feared, it would 
seem that the relative mildness of the 
reactions in the oscillating bed was related 
to the fact that this was a second experience 
with immobilization and not that the bed 
oscillated. This interpretation is borne out 
by odservations on a subject (S. W.) who, 
after having been in a fixed bed and then 
in an oscillating bed, was immobilized for 
a third time in a fixed bed. In this third 
experience, with the exception of muscle 
stiffness, he had even milder reactions than 
in the oscillating bed. 

COMMENTS 

It would appear from these studies that 
motion of an oscillating bed of the Sanders 
type modifies favorably or prevents in large 
measure many of the metabolic and physi- 
ologic consequences of immobilization of 
the healthy adult. In Sanders’ description 
of such a bed in 1936 its use was recom- 
mended as an adjuvant in the treatment of 
congestive heart failure and peripheral 
vascular disease, 11 and the bed since then 
has been used principally in the treatment 
of occlusive arterial disease of the extremi- 
ties 17-20 and to some extent of phlebo- 
thrombosis and thrombophlebitis. 21,22 The 
present study would suggest that the oscil- 
lating bed might also be of benefit in the 
management of patients who by the nature 
or severity of their illness arc condemned 
to many weeks of relative immobility. 

Influence of Oscillating Bed on Nitrogen 
Metabolism. Nitrogen losses from immo- 
bilization were reduced by approximately 
50 per cent in two of the three subjects. 
There was an associated reduction in the 
loss of the muscle mass of the legs and in the 
extent of impairment of muscle strength 
and creatine metabolism as indicated by 
the creatine tolerance test. In the third 
subject (C. O.) the nitrogen loss was 
rather small in both the fixed and oscillating 
bed experiments. The oscillating bed was 
less effective in preventing impairment of 
muscle mass and strength, the decreases 
in both being approximately those experi- 
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enced during his previous immobilization 
in the fixed bed. 

Correlation of Changes in Nitrogen Metabolism 
with Concomitant Changes in Sulfur , Phosphorus 
and Potassium. It has been of interest to 
determine whether the alterations in nitro- 
gen metabolism observed in these studies 
could be correlated with changes in other 
protoplasmic constituents, such as sulfur, 
phosphorus and potassium. It is customary 
to calculate theoretic nitrogen balances 
based on the ratio of these elements to 
nitrogen in muscle protoplasm. Compari- 
son with the measured nitrogen balances 
would indicate whether or not the reduced 
nitrogen loss brought about by oscillation 
represents a saving to the organism of 
muscle protoplasm. (Tables xm to xv.) 

Sulfur: The generally accepted sulfur: 
nitrogen ratio in muscle is 1:14. In this 
study in which only the total urinary sulfur 
was estimated, the ratio of urinary sulfur: 
nitrogen was maintained quite constantly 
throughout the study in the proportion in 
which these elements are present in muscle 
protoplasm. This was also the case in the 
previous study of immobilization in the 
fixed bed. 

Phosphorus: The same calculation was 
made with respect to phosphorus, assuming 
a ratio of nitrogen : phosphorus in muscle of 
14.7 : 1 23,24,25 and correcting for phosphorus 
associated with calcium in the ratio in 
which these elements are present in bone 
(1 :2.23 24,26 ). Although comparison of the 
theoretic nitrogen balances based on phos- 
phorus excretion revealed a fair agreement 
from week to week with the measured nitro- 
gen balances, there were significant dis- 
crepancies in the total excretion over the 
five-week period of immobilization. In all 
three subjects nitrogen excretion during im- 
mobilization in the oscillating bed was less 
by 34 per cent, 12 per cent and 60 per cent, 
respectively, than was anticipated from the 
phosphorus excretion. The average ratio of 
the nitrogen lost to phosphorus lost was 
9.4:1 instead of the theoretic 14.7:1. This 
was in sharp contrast to the findings during 
five weeks’ immobilization in the fixed bed. 


In only one subject (E. M.) was the nitrogen 
excretion less (by 29 per cent) than was 
expected on the basis of phosphorus ex- 
cretion; in the other three subjects the 
nitrogen excretion was significantly greater 
than that calculated from the phosphorus 
excretion. Thus, during the first five weeks’ 
immobilization in the fixed bed for the 
same subjects employed in the oscillating 
bed experiment the average nitrogen: 
phosphorus loss showed a ratio of 20.3:1. 
There was no obvious explanation for the 
discrepancies between these nitrogen : phos- 
phorus ratios and the theoretic ratio of 
14.7:1. 

These findings suggest the hazards of 
assuming such a fixed ratio of nitrogen: 
phosphorus in interpreting metabolic data. 
It should be pointed out that phosphorus 
appears to be deposited in protoplasm not 
only with nitrogen but also with carbo- 
hydrate, a circumstance that may in part 
be responsible for the discrepancies ob- 
served. In this connection attention is called 
to the absence of the expected correlation 
between the nitrogen and phosphorus 
changes and the changes in body weight. 

Potassium: Analysis of potassium balances 
in relation to nitrogen excretion is also of 
interest in this connection because potas- 
sium, being the principal intracellular 
cation, may reflect the extent of proto- 
plasmic catabolism and anabolism. The 
ratio of nitrogen : potassium in muscle is 
generally assumed to be 9.5:1 on the basis 
of surprisingly few chemical analyses in 
animals and man, 25,28 considering the 
weight that has been given to this index in 
metabolic calculation. In both the fixed 
and oscillating bed experiments potassium 
tended to move in the same direction as 
nitrogen. Both elements were lost during 
the immobilization phase but the quantita- 
tive relationships were far from the the- 
oretic. There were wide variations in 
potassium excretion from week to week, 
which were particularly marked in the 
oscillating bed experiment in which there 
were also pronounced variations from sub- 
ject to subject. All three subjects sustained 
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potassium losses during the first two weeks 
of immobilization in the oscillating bed at 
a time when the nitrogen losses were also 
maximal. Thereafter, despite continued 
nitrogen losses S. W. and C. O. actually 
stored potassium; the magnitude of the 
storage of the potassium by C. O. was such 
that his overall potassium balance for the 
entire immobilization period was slightly 
positive. E. M., on the other hand, lost 
potassium throughout the immobilization 
period although there was a decline in his 
potassium excretion toward equilibrium 
during the last two weeks. 

These variations from subject to subject 
in potassium excretion during the oscillating 
bed experiment are pointed up by com- 
parison of the theoretic nitrogen losses based 
on potassium, employing the ratio given 
above, with the measured nitrogen losses. 
In E. M., for example, the theoretic nitro- 
gen loss based on potassium excretion 
exceeded the actual loss by 115 per cent. 
In S. W. it was less than the actual nitrogen 
loss by 46 per cent, in C. O. by 342 per cent. 
On the other hand, during immobilization 
in the fixed bed the theoretic nitrogen 
losses based on potassium excretion ex- 
ceeded the measured nitrogen losses in all 
three subjects. 

There is no ready explanation for these 
observed discrepancies between potassium 
and nitrogen excretion. A potential source 
of variation in potassium excretion may 
arise from shifts in body glycogen and intra- 
cellular fluid. 27 A more likely source for 
these discrepancies would appear to be 
irregular variations in the potassium con- 
tent of the diets. In this study this variable 
was checked by direct analysis of the dietary 
intake. Nine analyses of the 2,800 calorie 
diet carried out during different seasons 
over the two-year period showed a standard 
deviation of the potassium values of ±0.18 
Gm. (4.8 per cent). 13 ' Although these 
analyses showed little variation, it is possi- 
ble that more frequent analyses might have 
revealed greater variations in diet potassium 
content. This is suggested by the appearance 
of occasional simultaneous trends in potas- 


sium excretion in the different subjects 
which were independent of the stage of the 
experiment. The unreliability of the nitro- 
gen : potassium ratio as a quantitative index 
of protoplasmic shifts has also been pointed 
out by other investigators. 20 

Influence of Oscillating Bed on Calcium 
Metabolism. Oscillation exerted a striking 
effect upon the changes in calcium metab- 
olism resulting from immobilization, an 
effect of considerable interest because of its 
relation to the problem of urinary tract 
stone formation in immobilized patients. 
It had been found in the study of four 
normal subjects immobilized in fixed beds 
that the average total urinary calcium 
excretion was approximately one-half to 
two-thirds that shown by a group of young 
men immobilized for four or five weeks 
because of fracture or osteotomy, 30 and the 
levels of urinary calcium in two of the sub- 
jects were well within the range of the 
fracture group. It had also been shown that 
during immobilization in the fixed bed 
certain factors concerned with the solubility 
of calcium in the urine failed to make 
appropriate compensatory responses to the 
increased excretion of calcium. Urinary 
volume increased very slightly, urinary pH 
became slightly more alkaline and urinary 
citric acid, the influence of which in favor- 
ing calcium solubility resides in the forma- 
tion of a weakly ionized and very soluble 
calcium citrate complex, remained rela- 
tively unchanged. This was in contrast to 
what occurs in the normal ambulatory 
individual in whom a shift in urine toward 
the alkaline side and an increase in urinary 
calcium excretion is regularly accompanied 
by an increase in urinary citric acid. 31 The 
absence of these compensatory responses, 
the associated increase in urinary phos- 
phorus and the significant increases in 
urinary calcium during immobilization 
would all favor the precipitation of calcium 
phosphatic calculi in the urinary tract. 
These findings are of considerable interest 
in view of the rather high incidence of 
stone formation observed in immobilized 
patients in service hospitals during the 
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recent war 32,33,34 and previously reported 
by others. 35,36 

The total loss of urinary calcium during 
immobilization in the oscillating bed was 
approximately one-half of that shown by the 
same subjects immobilized in the fixed bed 
experiment. The inference that this decrease 
in calcium loss during immobilization was 
due to oscillation and not to other factors 
appeared to be substantiated by the magni- 
tude of the calcium loss which occurred 
when one of the subjects was immobilized 
in a fixed bed for a second time. During this 
re-immobilization of S. W. in a fixed bed 
for two weeks calcium was lost at the same 
rapid rate as during his first immobilization 
in a fixed bed one year previously. Oscilla- 
tion had no effect upon urinary pH, urinary 
volume and urinary citric acid. However, in 
view of the influence of oscillation in reduc- 
ing the extent of the urinary calcium and 
phosphorus losses during immobilization 
this procedure should reduce the hazard of 
stone formation in the urinary tract during 
immobilization. 

Influence of Oscillation on Circulation. The 
oscillating bed tended to prevent the de- 
terioration of the mechanisms responsible 
for circulatory control in the upright posi- 
tion as tested by means of a tilt table. During 
immobilization in the fixed bed, tilt table 
tests had demonstrated progressive impair- 
ment of circulatory control in the upright 
position, with an increased tendency to 
faint, which became pronounced within 
two to three weeks. In contrast, similar 
tests carried out during the oscillating bed 
experiment revealed that control of the 
circulation in the upright position was 
maintained almost at control levels through- 
out the immobilization phase. 

Observations during the fixed bed ex- 
peiiinent had indicated that the legs were 
1 1C principal vascular area in which impor- 
tant derangements occurred in the response 
o t ic blood vessels to the upright position. 

aiding the legs to the groin with Ace 
bandages prevented fainting when the sub- 
JC< : t sto °d in the erect position on the tilt 
a c whereas binding of the abdomen was 
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ineffective. Measurements of the circum- 
ference of the legs during tilt table tests had 
shown greater increases in the size of the 
legs in the tilted position during the im- 
mobilization phase than during the control 
period. Analysis of the changes in the leg 
circumference during and after tilting 
suggested that during immobilization there 
was impairment of either venous or muscu- 
lar tone or both. Repetition of these leg 
measurements during tilt table tests in the 
oscillating bed experiment revealed that 
during immobilization, although the sub- 
jects stood in the upright position for longer 
periods of time (as compared with the fixed 
bed experiment), the increases in the cir- 
cumference of the legs were not as great. 
This would suggest that by some mechanism, 
oscillation tended to prevent impairment of 
venous or muscular tone in the legs. The 
occurrence of purpuric hemorrhages in the 
skin of the legs in tilt table tests during 
immobilization in the fixed bed and the 
absence of petechiae in tests during the 
comparable stage in the oscillating bed 
experiment would indicate that appreciable 
capillary wall fragility was prevented by 
oscillation. 

The beneficial effects frequently observed 
following the use of the oscillating bed in 
vascular diseases of the lower extremities 
have been attributed to improvement in 
blood flow brought about by the motion of 
the bed. No conclusive evidence for this 
action has been presented although some 
attempts have been made to measure pe- 
ripheral circulation under these conditions. 
Horton, Krusen and Sheard 20 measured skin 
temperatures during oscillation with equivo- 
cal results. The studies of Barker and Roth 37 
indicated that oscillation raised the skin 
temperature of the extremities, but their 
observations were not carried out under 
carefully controlled environmental condi- 
tions. Although the present study did not 
include direct measurements of blood flow, 
rhythmic fluctuations in venous pressure as 
measured in the dorsal vein of the foot were 
of interest. The venous pressure changed 
140 mm. of water with each oscillation of 
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the bed. The veins could be seen alternately 
to fill and empty with each oscillation. This 
may mean that in the presence of competent 
venous valves a larger volume of venous 
blood is delivered to the right auricle during 
oscillation. 

Influence of Oscillation on Respiratory Func- 
tion. Measurements of respiratory function 
showed a shift in the average level of the 
diaphragm with each change in position of 
the bed. This might be regarded as a 
favorable effect since it would lead to the 
aeration at intervals of portions of the lungs 
which would not be aerated at the constant 
diaphragm level prevailing at rest in a 
fixed bed. However, the actual volume of 
pulmonary ventilation per unit of time was 
not increased by oscillation. The changes in 
the position of the diaphragm take place 
gradually over a period of time equal to the 
cycle of the bed (one and three-quarter 
minutes in this experiment). 

Of some interest in relation to the possible 
use of the oscillating bed with cardiac 
patients was the finding that oscillation at 
the speed employed did not increase the 
metabolic rate over that in the resting hori- 
zontal position. Subsequent studies on other 
patients have confirmed this finding. 

Blood Coagulation Mechanism. It is worthy 
of emphasis that no increased tendency for 
the blood to coagulate during immobiliza- 
tion was found in either the fixed or oscillat- 
ing bed experiments. In particular, prior to 
and during the re-immobilization of subject 
S. W. in a fixed bed an increased number 
and variety of tests were employed (heparin 
tolerance test weekly, prothrombin time 
determinations every other day, and Lee- 
White and capillary tube coagulation times 
every other day) without the detection of 
significant alterations in the blood coagula- 
tion mechanism. 

Effect of Oscillation on Recovery from Im- 
mobilization. The restoration of metabolic 
and physiologic indices to normal came 
about more rapidly following immobiliza- 
tion in the oscillating than in the fixed bed. 
Physiologic function returned to normal 
more promptly than did the metabolic. 


Indeed, the delay in the return to normal 
of metabolic function in both experiments 
should be emphasized. In neither experi- 
ment had the nitrogen and calcium metab- 
olism fully reverted to control levels during 
the recovery periods of four to six weeks. 
There was also considerable individual 
variability in the speed of recovery. The 
somewhat more rapid improvement in 
nitrogen and calcium balances during 
recovery in the oscillating bed experiment 
was attributable to at least three factors: 
(1) The balances were less negative during 
immobilization in the oscillating bed and 
hence a smaller shift was required to reach 
a positive balance. (2) The immobilization 
phase in the oscillating bed experiment 
was one to two weeks shorter; hence the 
aggregate of the catabolic changes was 
considerably less than in the fixed bed 
experiment. (3) The subjects were psycho- 
logically ready for and initiated mobile 
activity three days earlier in the oscillating 
bed recovery period. These modifying 
factors may in part account for the fact that 
most physiologic functions (basal metabolic 
rate, muscle strength, girth of extremities, 
the reaction of the circulation to the erect 
position, exercise tolerance and the reclining 
pulse rate) returned to control levels from 
one to two weeks earlier in the recovery 
phase following immobilization in the oscil- 
lating than in the fixed bed. 

Repetition of Fixed Bed Experiment. At the 
conclusion of the oscillating bed experiment 
subject S. W. was immobilized in a fixed 
bed for a second time in order to provide a 
check on the results of the previous fixed 
bed experiment. This procedure would also 
test the validity of the conclusion that the 
differences in the results of the fixed and 
oscillating bed experiments were specifically 
due to oscillation and not to any interval 
change in the condition of the patient. 
During this two weeks of re-immobilization 
in a fixed bed the metabolic and physiologic 
derangements which occurred duplicated 
very closely in pattern and extent the 
changes which had occurred during the 
first two weeks of this subject’s first im- 
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mobilization in a fixed bed a year previ- 
ously. In most respects the changes were 
significantly greater than had occurred 
during the first two weeks of his antecedent 
immobilization in an oscillating bed. The 
differences in the results of the fixed bed 
and oscillating bed experiments are there- 
fore attributable to the modifying effects 
of oscillation rather than to changes in the 
subject’s growth, development or physical 
condition. 

Mechanism of Action of Oscillating Bed. 
The mechanism by which the oscillating 
bed serves to ameliorate the effects of im- 
mobilization is not clear. It is believed that 
the principal factors may be an increased 
circulation through the extremities and 
partial weight-bearing in the foot-downward 
position. The rocking motion of the bed 
which places the legs alternately in a 
dependent position and in a slightly elevated 
position is identical in principle to Buerger’s 
postural exercises, long in use in the treat- 
ment of conditions resulting from defective 
peripheral circulation. The oscillating bed 
is superior to Buerger’s exercises, however, 
in that the changes in posture can be 
repeated continuously for many hours with- • 
out physical effort on the part of the subject 
or patient. In regard to weight-bearing it 
is evident from actually experiencing the 
motion of the bed that if a foot-board is used 
or the legs and feet enclosed in a cast, 
partial weight-bearing definitely occurs pro- 
vided the bed is tilted to a sufficient angle. 
This action probably transmits some stress 
or strain to the body, particularly to the 
skeleton, and also brings about slight muscu- 
lar contraction, principally in the gastrocne- 
mius-soleus and quadriceps muscle groups. 
Muscular contraction may in turn call for 
greater blood flow. It is conceivable that 
skeletal stress and the stimulation to slight 
muscular contraction may act to discourage 
catabolic and encourage anabolic processes. 

b is to be noted that in this experiment 
oscillation was begun at the start of the 
immobilization period. Whether or not 
oscillation would reduce metabolic losses 
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once they become well established cannot 
be determined from this experiment. 

It is uncertain what the optimal daily 
period for oscillation should be. In one of 
the subjects the oscillating bed was in 
motion twenty-one hours a day; in the other 
two subjects, E. M. and C. O. who were 
studied together, the bed was in motion 
eight hours daily because of the fact that 
two oscillating beds were not exclusively 
available during the period of the experi- 
ment. There was no evidence that the 
longer period of oscillation was more 
effective. 

CONCLUSIONS 

It seems reasonable to conclude from 
these findings that the oscillating bed may 
in considerable measure prevent many of 
the deleterious effects consequent upon 
prolonged immobilization. These beneficial 
effects are exerted on the mechanism 
responsible for circulatory control in the 
erect position, on the changes in muscle 
mass and strength and on creatine, nitro- 
gen, calcium and phosphorus metabolism. 
The metabolic effects exerted by oscillation 
would serve to reduce the likelihood of cal- 
culus formation in the urinary tract. The 
oscillating bed is a simple and practical 
device, readily available, generally com- 
fortable and capable of saving considerable 
nursing and physiotherapeutic care. On the 
basis of these findings it seems reasonable 
to suggest that the oscillating bed may 
provide a valuable adjunct in the manage- 
ment of patients immobilized for long periods 
because of fractures, severe burns, spinal 
cord injuries or paralysis resulting from 
poliomyelitis. This suggestion is made with 
the reservation that the beneficial effects of 
oscillation on physiologic and metabolic 
functions in immobilized healthy adults may 
not necessarily occur in diseased states. This 
uncertainty can be resolved only by direct 
experimental trial. 

SUMMARY 

A study was made of the influence of an 
oscillating bed on the metabolic and 
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physiologic disturbances associated with 
immobilization. The subjects were three 
normal healthy young men. The investiga- 
tion was carried out on a metabolism ward 
during control (four to five weeks), im- 
mobilization (five weeks) and recovery 
(five to six weeks) periods. The dietary 
intake was constant. During the immobiliza- 
tion periods the subjects were in bivalved 
plaster casts extending from umbilicus to 
toes. One year previously the three subjects 
studied had participated in an experiment 
identical with the present study except 
that they had been immobilized in standard 
(fixed) hospital beds. During immobiliza- 
tion in the oscillating bed: 

1. Nitrogen excretion increased in the 
same general pattern as in the fixed bed 
experiment; but in two of the subjects 
nitrogen loss was approximately half as 
great as during an equal period of immo- 
bilization in the fixed bed. 

2. The loss of calcium, chiefly in the 
urine, was, on the average, half as great as 
during the same period in the fixed bed. 

3. The loss of phosphorus was signifi- 
cantly less in two of the subjects than dur- 
ing the same period in the fixed bed. 

4. Although urinary citric acid, pH and 
urine volume did not appreciably change, 
the significant reduction in urinary calcium 
and phosphorus losses would render the 
precipitation of calcium phosphate in the 
urinary tract less likely than during im- 
mobilization in a fixed bed. 

5. There was good correlation between 
the excretion of urinary total sulfur and 
nitrogen on the basis of the ratio in which 
they exist in muscle. The correlation be- 
tween nitrogen and phosphorus on the same 
basis was less good, between nitrogen and 
potassium poor. 

6. Creatine tolerance tests indicated that 
creatine metabolism was significantly less 
impaired than during immobilization in 
the fixed bed. The decrease in muscle mass 
and strength of the immobilized limbs was 
also less than during an equal period in the 
fixed bed. 


7. Changes in basal oxygen consumption 
were not significant. 

8. The deterioration produced by fixed 
bed immobilization in the mechanisms 
essential for adequate circulation in the 
erect position (as measured by tilt table 
tests) was largely prevented. 

9. Measurements of venous pressure in 
the foot veins during oscillation revealed an 
average change in pressure of 140 mm. of 
water with each change in position of the 
bed. A rhythmical shift was observed in the 
average level of the diaphragm with each 
change in position of the bed, without sig- 
nificant alteration in the pulmonary minute 
ventilation. 

10. Changes in urinary 17-ketosteroid 
excretion and in serum calcium levels were 
not significant. 

11. As in the fixed bed experiment, there 
were no significant alterations in blood 
coagulation studies, circulation time, heart 
size or electrocardiograms. 

During the recovery phase most metabolic 
and physiologic functions returned to con- 
trol levels or became re-stabilized more 
rapidly than following immobilization in 
the fixed bed. 

Following recovery from the oscillating 
bed experiment, one subject was re-im- 
mobilized in a fixed bed for two weeks. 
The results duplicated closely the changes 
observed during the first two weeks of his 
first immobilization in a fixed bed a year 
previously. 

The authors wish to express their deep ap- 
preciation to Miss Hertha H. Taussky of this 
department for her direction of the citric acid 
studies in this and the previous report. 
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Effect of Vomiting Due to Intestinal 
Obstruction on the Serum Potassium* 


Chemical and Electrocardiographic Observations in Fifteen Cases 

Preliminary Report 

Samuel Bellet, m.d., Carl S. Nadler, m.d., Peter C. Gazes, m.d. 

and Mary Lanning, b.s. 

Philadelphia , Pennsylvania 


U ntil recently alkalosis accompany- 
ing vomiting was commonly re- 
garded as being associated with 
the balance of sodium and chloride in 
extracellular fluids and little significance 
was attached to incidental changes in other 
electrolytes and in the ionic constitution of 
the cells themselves. Recently the reports 
of Butler, 1 Fenn, 2 Darrow, 3 ’ 4 Talbott, 5 
Gamble 6 and others have called attention 
to the alterations in the intracellular as well 
as extracellular fluid which occur during 
alkalosis and the acidosis which accom- 
panied loss of fluids from the body. Specif- 
ically, it has been shown that sodium may 
pass from the extracellular fluid into the 
cells and replace potassium. Darrow 3 has 
shown that there is a marked loss of 
potassium accompanying states associated 
with dehydration, particularly diarrhea in 
infants. Similar losses of potassium have 
also been shown to occur in other conditions 
to be discussed later. 

^In 1938 Scudder and associates 7 studied 
a series of twenty untreated patients with 
intestinal obstruction and found the serum 
potassium to be raised in seven, low in five 
and normal in eight. They also found that 
the cellular potassium in these untreated 
patients was low in fourteen of the twenty. 
Falconer Sa ’ 6 (1939) was unable to verify 
that either hypopotassemia or hypercalce- 


mia were factors in intoxication accom- 
panying intestinal obstruction. He found 
that there was a tendency for the concen- 
tration of potassium, sodium and calcium 
in the serum to decrease, the reduction in 
potassium tending to be relatively the 
largest. S 

In view of these observations, and more 
particularly because we were struck by 
the similarity of the electrocardiographic 
changes associated with intestinal obstruc- 
tion to those of hypopotassemia in other 
conditions, we decided to study the electro- 
cardiographic findings in intestinal ob- 
struction accompanied by vomiting, to 
compai'e the electrocardiographic changes 
with the levels of serum potassium and to 
determine the effect of administration of 
potassium upon these changes. We wish 
to report our observations on the electrolyte 
changes, particularly as they concern the 
serum potassium, in fifteen cases of acute 
intestinal obstruction. Since we wish to 
emphasize the value of the electrocardio- 
graph, not only in detecting the presence 
of hypopotassemia in intestinal obstruction 
but also in following, in a rough way, the 
fluctuations of the serum concentration of 
this electrolyte, the electrocardiographic 
findings in hypopotassemia will be briefly 
discussed before the details of our observa- 
tions are presented. 


* From the Division of Cardiology and Chemistry, Philadelphia General Hospital and Robinette Foundation, Uni- 
versity of Pennsylvania, Philadelphia, Pa. This work was aided by a grant from the United States Public Healt > 
Service. 
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ELECTROCARDIOGRAPHIC CHANGES 
ASSOCIATED WITH LOW SERUM 
POTASSIUM 

The electrocardiographic findings in hy- 
perpotassemia are quite well established. 9a-e 
The characteristic tall, narrow T waves, 


seventy years of age or older, five were between 
sixty and seventy, three were between fifty and 
sixty and three were between twenty-five and 
fifty years of age. The series consisted of nine 
men and six women. Thirteen patients were 
white and two were negroes. The diagnoses 


Table i 


SERUM CONCENTRATIONS, CASE 9 
C. J.. aged seventy; diagnosis: carcinoma of colon. 


Date 

K 

(mEq./L.) 

Na 

(mEq./L.) 

Ca 

(mEq./L.) 

Chloride 

(mEq./L.) 

CO» 

(mEq./L.) 

Urea 
(mg. %) 

Remarks 

1/6/48 

3.6 

140 

4.4 





1/7/48 

2.8 

149 

4.9 





1/8/48 

3.3 

137 

4.9 

85 

27 



1/9/48 

2.5 

138 

4.3 













2:30 p.m. 

2.9 

139 

4.7 




Before KC1 

4 P.M. 

4.5 

140 

4.3 

94.2 



After 500 ml. KC1 i.v. 

11 P.M. 

3.8 

132 




. . 

6H hr. after KC1 

1/12/48 

3.8 

117 

4.9 


45 



1/14/48 

2.7 

129 

4.5 

74 

17 



1/15/48 

2.9 

132 


69 

21 

70 


1/21/48 

3.8 

137 

4.1 

86 




2/5/48 

5.4 


5.3 














often accompanied by some widening of 
the QRS complexes, are reversible and 
give way to normal waves as the hyper- 
potassemia becomes lowered toward nor- 
mal. •'The electrocardiographic alterations 
associated with a low serum potassium have 
received less study. In 1937 Bellet and 
Dyer 10 reported characteristic electrocardio- 
graphic changes in twenty-three patients 
after their emergence from diabetic acido- 
sis. These changes consisted of a lengthening 
of the Q_-T interval, depression of the S-T 
segment and, in some instances, inversion 
of the T waves. The relation of these changes 
to hypopotassemia was not established at 
that time. However, the relationship of 
characteristic electrocardiographic changes 
'o hypopotassemia and in diabetic acidosis 
has been well established by the more recent 
studies of Holler, 12 Nicholson and Branning, 
1 lurtin and Wertman 13 and Nadlcr, Bellet 
a nd Lanning. 14 ’' 


material and method of study 

■ ^ * lc a K cs °f our patients ranged from twenty- 
Uc 10 eighty-seven years: four patients were 

jeNr., 1945 


were: Duodenal ulcer with pyloric obstruction 
in four patients; carcinoma of the large bowel 
with intestinal obstruction in three patients; 
obstructing carcinoma of the stomach in two 
patients; strangulated hernia in one patient 
and cholelithiasis with peritonitis and intestinal 
obstruction in one patient. 

As one would anticipate most of these patients 
were quite ill on admission. They manifested 
varying degrees of dehydration through loss of 
fluid by vomiting and in addition, in a few 
patients, by diarrhea. Mental symptoms ranging 
from disorientation to coma were observed in 
some and many presented the picture of shock/ 

As soon as possible after admission and diag- 
nosis blood was drawn and estimations made of 
the serum potassium, sodium and calcium, the 
CO 2 combining power and plasma chloride. 
These studies were instituted before therapy in 
five patients (Cases 9, 10, 13, 14 and 15) and 
after treatment had been started in the ten 
remaining patients. These chemical studies were 
repeated at frequent intervals during the con- 
tinuance of therapy until the patient recovered 
or died. Most of these patients received paren- 
teral fluids in the form of normal saline solution. 

5 per cent glucose, blood transfusions and 
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amigen. In addition Wangensteen suction was 
instituted in many of these patients. Electro- 
cardiograms (limb leads 1 , 11 and m and pre- 
cordial leads CR3, CR4 and CRs) were taken 
at the same time that blood samples were ob- 
tained. In five patients calcium in the form of 


patients. In the five of the fifteen patients 
who had not received therapy prior to the 
initial estimation the serum potassium was 
also low. In general the level of serum 
potassium varied with the degree of alka- 
losis; the greater the degree of alkalosis the 


Table ii 

SERUM LEVELS, CASE 15 

J. G., aged twenty-five, diagnosis: ruptured duodenal ulcer. 


Date 

K 

(mEq./L.) 

Na 

(mEq./L-) 

Ca 

(mEq./L.) 

Cl 

(mEq./L.) 

CO* 

(mEq./L.) 

Protein 
(Gm. %) 

Blood Urea 
Nitrogen 
(mg. %) 

Intake Record 

2/5/48 

2.7 

147 

4.7 

72 

39 

5.7 

150 

3,000 cc. 5 7c glucose in saline 

1,890 cc. tea and water orallv 

2/6/48 

2 3 

150 


79 

35 


150 

7:30 a.m., 1,000 cc. 5 7o glucose in 
saline 


3 7 



98 

34 before KCl 


105 before KCl 

1 0:30 a.m. 200 cc. 1 9 % glucose in water 






35 after KCl 


95 alter KCl 

From 7 to 4 p.m. 2,100 cc. tea orally, 









HjO and jello 

8 p.m. 500 cc. KCl 


1 







10 p.m. 700 cc. amino acids 

Clinically improved 

2/7/48 

2.7 

142 

4.0 

80 

31 


90 12 hr. after 

2,000 cc. 10% glucose in H:0 








KCl 

1,000 cc. 5% glucose in saline 

1,000 cc. amigen 

3,130 cc. tea and water 

Clinicallv improved 

2/8/48 





29 



Fluids orally 4,280 cc. tea and water 
Fluids orallv 3,780 cc. tea, HsO, milk 

2/9/48 




77 

26 


31 

2/10/48 

4.5 

140 

4 7 


26 


39 

Fluids orally 4,160 cc. tea, HcO, milk; 









patient sitting up 


10 cc. of 10 per cent calcium gluconate was 
injected intravenously prior to administration 
of potassium in order to determine whether 
deficiency of this ion was responsible for the 
electrocardiographic changes. In the series of 
patients with intestinal obstruction we satisfied 
ourselves that potassium, not calcium, defi- 
ciency was the cause of the electrocardiographic 
changes by showing that the serum calcium was 
not low and that intravenous calcium had no 
effect upon the electrocardiogram while serum 
potassium was low in five patients and its 
intravenous administration did return the 
tracings toward normal. The blood pressure 
was recorded at frequent intervals prior to, dur- 
ing and following administration of potassium. 

The serum sodium and potassium concentra- 
tions were measured by means of the flame 
photometer. 15 (Tables i, n and hi.) 

FINDINGS 

Serum Potassium and Other Electrolyte Values. 
The serum potassium on or soon after 
admission ranged between 2.3 mEq./L. 
and 2.5 mEq./L. in four patients and 
between 2.5 and 4.1 mEq./L. in eleven 


lower the serum potassium. In practically 
all of these patients the serum potassium 
dropped to still lower levels following 
parenteral therapy which did not include 
potassium. The pertinent clinical findings, 
serum potassium levels, electrocardiographic 
findings on admission and the results of 
therapy are shown in Table iv. 

The serum sodium, chloride and bi- 
carbonate values in our series of patients 
differed in no way from the well known 
changes produced by vomiting due to 
intestinal obstruction. The resulting con- 
centrations in the plasma depended upon 
the site of the intestinal obstruction (whether 
high or low), the duration and severity of 
the vomiting and the accompanying degree 
of dehydration. In general, in the presence 
of high intestinal obstruction the chief 
alterations observed were a marked diminu- 
tion in chlorides, a slight or moderate 
diminution in sodium and an increase m 
carbon dioxide combining power with 
evidence of alkalosis. In low intestinal 
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obstruclion there was moderate diminution 
in chlorides and, frequently, a marked loss 
of sodium with a tendency toward acidosis. 
The administration of parenteral fluids 
(saline and glucose) when the patient took 
no food by mouth resulted in an increase 


7*5 

ranged between 3.5 to 4.5 mEq./L. in most 
of our patients when the serum potassium 
was low. This decrease involved the ionized 
as well as the unionized fraction. 

Effect of Administration of Potassium on the 
Clinical State of Patient. Potassium chloride 


Table iii 


SERUM LEVELS, CASE 10 

J. McC., aged thirty-four, diagnosis, acute pancreatitis, pyloric obstruction. 


Date 

K 

(mEq./L.) 

Na 

(mEq./L.) 

Ca 

(mEq./L.) 

Chloride 

(mEq./L.) 

CO- 

(mEq./L.) 

Remarks 

12/29/47 

3.6 

140 



51 


12/30/47 

2.0 

149 

3.8 




12/31/47 







4:15 p.m. 

2.8 

147 

4.5 


35 

After 200 cc. KC1 

5 P.M. 

2.8 

142 

4.6 

76 



1/8/48 

2.8 

138 

4.3 

71 

36 


1/9/48 

3.6 

132 

4.8 

83 

38 


1/14/48 







12:30 p.m. 

2.7 

150 

4.9 

. 

. . 

After 300 cc. KC1 

2 P.M. 

4.3 

141 

4.8 




1/15/48 

3.5 

138 


76 

24 


1/21/48 

3.7 

141 

4.9 

79 

29 


2/5/48 

2.4 

144 

3.9 




2/6/48 

2.3 

149 

4.2 




2/7/48 

2.3 

147 





2/11/48 

1 7 

143 

4.4 

59 

45 


2/12/48 

2.3 

130 

4.4 




2/13/48 

2.0 

138 

4.7 

63 

53 


2/16/48 

1.9 


6.7 

69 

45 


2/17/48 

1.7 



67 

41 


2/18/48 

1.7 

146 


66 

56 


2/19/48 

2.2 

150 


67 

51 


2/20/48 

2.3 

142 

3.7 

70 

50 


2/21/48 

2.3 

142 

3.8 

72 

42 


2/22/48 

2.0 

141 

3.8 

71 

36 


2/23/48 

2.0 

142 

4.1 

72 

40 



hi chlorides, with a tendency for the degree 
°f alkalosis to diminish. However, on 
administration of fluids which did not con- 


tain potassium the serum potassium tended 
not only to remain low but to fall below the 
initial values present on admission. 

Of particular interest was the relation- 
s np between the level of the serum calcium 
and the serum potassium. When the serum 
potassium values were quite low (1.7 to 
- -3 mEq./L.), usually associated with a 
considerable degree of alkalosis, the scrum 
ca cium levels also tended to be low but 
not nearly so low proportionately as the 
•crum potassium. The serum calcium levels 


JL'Nr.. 194 9 


in the form of a 1.14 (isotonic) per cent 
solution was administered twelve times to 
ten patients. The dosage ranged from 100 
to 700 cc. administered over a period of 
one-half to two and one-half hours. The 
effects upon the serum potassium arc shown 
in Table v. Electrocardiograms were taken 
almost continuously during its administra- 
tion in most of these patients. Following 
injection these patients in many instances 
showed evidence of clinical improvement as 
manifested by diminished weakness and a 
sense of well being. The blood pressure, 
usually low prior to injection, often rose 30 
to 40 mm. Hg after potassium had been 
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Table iv 


Case 

No. 

Name 

Age 

Diagnosis 

Vomit- 

ing 

(days) 

Condition 
on Admission 

Initial 

ECG 

Initial 

Serum 

Potassium 

(mEq./L.) 

Effect of Potassium on 
ECG and Scrum 
Potassium 

Ultimate 

Outcome 

1 

White 

Female 

K. T. 

70 


■ 

Dehydrated; weak > 

Prolonged 

QT; ST 

depression ' 

■ 

Not given 

Died 

2 

Negro 

J.J- 

57 


1 

Weak, comatose 

i 

Prolonged 

QT; ST 
depression 

1 

150 cc. in hr.; de- 

creased QT; ST re- 
turned to isoelectric 
line; K rose to 

3.08 mEq./L. 

Improved 

3 

White 

Female 

C. L. 

66 

Cholecystitis; perfora- 
tion of gallbladder; 
right subdiaphrag- 
matic abscess 

4 

Acutely ill; abdomi- 
nal distention; pain; 
rigidity of right 
upper quadrant 

Prolonged 

QT; ST 

depressed 

2.85 

500 cc. of KCl in 

1 hr.: K rose to 

4.08 mEq./L. QT 
decreased, ST normal 

Died 

4 

White 

Female 

A. S. 


Intestinal carcinoma 
with pyloric obstruc- 
tion 

1 wk. 

, Dehydrated; weak 

Depressed 

ST: pro- 
longed QT | 

■ 

Returned to normal 

Signed out 
against 
advice 

5 

White 

Female 

E. H. 


Carcinoma of sigmoid 
with metastasis to 
liver 

2 

Dehydrated; weak; 
disoriented 

Prolonged I 

QT; dc- ! 

pressed ST | 

■ 

Returned to normal 

Discharged; 

condition 

improved 

6 

White 

Male 

B. W. 


Pyelonephritis with 
adynamic ileus 

2 

Dehydrated; weak; 
cyanosis; rapid 
pulse; shallow respi- 
rations; rigidity in 
abdomen; peristalsis 

Inverted T 1 
wave with 
prolonged 

QT 

3.3 

Given 150 cc., T 
waves in CRt less 
inverted, K rose to 
3.33 mEq./L. 

Died 

7 

White 

Male 

G. H. 

61 1 

Perforation of stomach 
due to ulcer; sub- 
phrenic abscess; gen- 
eralized peritonitis 
with localization; 
arteriosclerotic heart 

3 

Fever; weakness 

i 

Depressed ST: 
prolonged 

QT 

3.6 

QT decreased; ST 
segment depressed; 
extrasystoles disap- 
peared; K rose to 

5.0 mEq./L. 

Died 

8 

White 

Female 

L. 


Mentally defective; 
choledechotomy; 
removal of stone in 
common duct 

? 

Abdominal pain; 
dehydrated; clav- 
colored stools; 
icteric; tenderness in 
right upper 
quadrant 

Depressed 

ST; pro- 
longed QT 

4 1 

Returned to normal 

Discharged 

improved 

9 

White 

Male 

J- c. 

76 

Carcinoma of splenic | 
flexure 

1 Wk. 

Pain in lower ab- 
domen; vomiting 

Depressed 

ST; pro- 
longed QT | 

2.9 

QT returned to nor- 
mal; ST depression 
disappeared; K rose 
to 5.13 mEq./L. 

lmpro\cd 

10 

White 

Male 

JM. 

45 

Cysts of pancreas; 
pyloric stenosis 

3 wk. 

Dehydrated; weak 

Depressed 

ST: pro- 
longed QT 

2 8 

Short QT with up- 
right T wave; after 
200 cc. K rose to 

2.95 mEq./L, 

Improved 

11 

White 

Male 


63 

Gastric carcinoma 

3 wk. 

Pain in upper ab- 
domen; emaciated; 
not acutely ill 

Prolonged 

QT; inverted 
T wave 

3.2 

Less T wave inver- 
sion; after 300 cc. K 
rose to 4.61 mEq./L. 

Died after 
operation 

12 

Female 

W.J. 

51 

Carcinoma of fundus; 
hysterectomy; shock 
after operation; 
parenteral fluid 

2 

Shock; dehydrated 

Prolonged 

QT 

2.4 

Return to normal 

Improved 

13 

White 

Female 

c. w 

42 

Duodenal ulcer with 
pyloric obstruction 

1 mo. 
also 1 to 
2 watcr\ 
stools 
per day 

Dehydrated 

undernourished 

Inverted T 
wave in all 
leads; long 
QT 

3.8 

| Return to normal 
alter 500 cc K rose tr 
4.61 mEq./L. 

Discharged 

improved 

14 

White 

Male 

G. S. 

87 

Fracture of femur; 
intestinal obstruction 

■ 

Dehydrated; weak 

Prolonged 

QT; inverted 
T wave in 
all leads 

■ 

Return to normal; 
after 500 cc. K rose 
to 6.66 mEq./L. 

Discharged 

improved 

15 

White 

Male 

W. G. 

H 


■ 

Shock: dehydrated 

Low T i and 

U wave; 
long QT 

■ 

Return to normal, 
after 500 cc. K rose 
to 3.2 mEq./L. 

■ 
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given. The diastolic pressure usually in- 
creased more than the systolic. The im- 
provement was only temporary unless the 
cause for the potassium deficit was removed 
or the patient began to take food by mouth. 

In two of these patients (Cases 14 and 15) 
administration of potassium initiated im- 
provement of the patient which was mani- 
fested by diminution of azotemia, a desire 
to take food by mouth, rapid return of the 
electrolytes to normal and recovery of the 
patient. The effects upon the electrocardio- 
graph will be discussed presently. 

Effect of Potassium Administration on the 
Level of Serum Potassium in Hypopotassemia. 

In Table ir the effects of potassium chloride 
on the level of the serum potassium are 
noted. It will be observed that with small 
doses of potassium chloride, 125 to 150 cc., 
the rise in the level of the serum potassium 
at the end of administration was not very 
great. With larger doses (300 to 700 cc.) 
increase in the serum potassium level was 
greater and ranged up to 2.8 mEq./L. 
above the control level. 

Effect of Administration of Potassium on 
Electrocardiogram in Hypopotassemia. Prior to v/ " 
administration of potassium the effect of 
intravenous administration of calcium glu- 
conate (10 cc. of a 10 per cent solution) was 
noted. This had no appreciable effect on 
the T waves and the S-T segments in the 
fi y e patients to whom this was given, 
thereby showing that the electrocardio- 
graphic changes were not the result of 
calcium deficiency. Following administra- 
tion of potassium, the depression of the S-T 
segments diminished, the T waves tended 
to become or actually became upright and 
1 e 0,-T segments were shortened in every 
ease. (Figs. 1, 2, 3 and 4.) The degree of 
return to normal depended upon the degree 
0 hypopotassemia present prior to injection 
wf amount; °f electrolyte administered. 

, fi cn small doses of potassium were given 
0 to 200 cc.), only a partial return to 
n °rmal occurred. With larger doses, a 
complete return to a normal tracing was 
o served. Extrasystoles which were present 
111 ve cases with low potassium were 
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abolished following administration of this 
electrolyte. 

The electrocardiographic improvement 
following administration of potassium was 
temporary in some patients; in others some 
degree of improvement persisted. In about 


Table v 


Case 

No. 

Initial 

Serum 

Potassium 

(mEq./L.) 

Quantity of 1.14 
Per Cent Potassium 
Chloride per Unit 
Time Given 

SerUm 
Potassium at 
End of 
Administra- 
tion 

(mEq./L.) 

2 

2.5 

150 cc. in }/% hour 

3.3 

3 

2.85 

500 cc. in 1 hour 

4.08 

4 

3.6 

125 cc. in 1 hour 

4.1 

6 

3.3 

100 cc. in 1 hour 

3.7 

7 

3.6 

150 cc. in 1 hour 

5.1 

8 

4.1 

150 cc. in 1 hour 

4.1 

9 

2.9 

500 cc. in 2 hours 

4.5 

10 

2.8 

150 cc. in 1 hour 

2.9 

10 

2.7 

300 cc. in 2 hours 

4.3 

11 

3.7 

200 cc. in 2 hours 

3.8 

11 

3.2 

300 cc. in 2 hours 

4.5 

13 

3.8 

300 cc. in 2 hours 

4.5 

14 

3.8 

700 cc. in 3 hours 

6.6 

15 

2.3 

500 cc. in 2 hours 

3.7 


one-half to three hours following adminis- 
tration the changes tended to revert to their 
previous configuration although in some 
instances some degree of improvement in 
the T waves and S-T segment was pre- 
served. (Figs. 2, 3 and 4.) 

COMMENTS 

/ A study of the literature together with 
an analysis of the data in our patients 
indicates that profound electrolyte dis- 
turbances are observed during acute in- 
testinal obstruction. In addition to loss of 
water there is considerable depletion of 
body potassium. Marked diminution in 
body potassium results in precipitation of 
the syndrome of hypopotassemia. This 
electrolyte cannot be restored by adminis- 
tration of saline and glucose solutions and 
can be supplied only by direct administra- 
tion or by food containing potassium. ^ 

RECOGNITION OF POTASSIUM DEFICIENCY 

The diagnosis of potassium deficiency 
depends upon (1) recognition of the con- 
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Fig. 1. C. L., a white patient aged sixty-six. a, electrocardiogram taken January 19, 1948, 
after the patient had been vomiting four days. Note inverted T wave in lead i. ST depres- 
sion with prominent U wave in lead n and Lead hi and inversion of the T wave in CRj 
and CR$ with depression of the RT segment. The serum potassium at this time was 
2.85 mEq./L. b, after 250 cc. of isotonic potassium chloride had been administered in a 
period of one hour and fifteen minutes. Note flattening of the T wave in leads i and il. 
Note that the T waves in CRs, CR, and CRj are now upright, c, after 500 cc. potassium 
chloride had been given in two and one-half hours. Note flattening of the T wave in leadi 
with a tendency to an upright configuration, flattening of the T wave in lead n, with up- 
right T waves in CRj, CR 4 and CR5. The potassium at this time was 4.08 mEq./L. The 
blood pressure rose from the control value of 100/80 to 120/90 after administration of 
potassium chloride. 


ditions likely to be associated with this 
disturbance; (2) the presence of muscular 
weakness and atonic muscles and occasion- 
ally muscular paralysis; (3) characteristic 
electrocardiographic changes which return 
to normal when potassium is given; (4) con- 
firmation by determination of the serum 
potassium. Particularly important is an 
estimation of the loss of body potassium by 
measurement of the retention of this electro- 
lyte during the state of recovery. 

In man, hypopotassemia has been studied 


chiefly in familial periodic paralysis. In 
these patients muscle weakness, difficulty 
in respiration due to paralysis of the 
accessory muscles of respiration, general 
muscular paralysis and even death has been 
noted. More recently similar phenomena 
have been observed following therapy m 
diabetic acidosis and in chronic nephritis 
in which the serum potassium level may be 
as low as 2.0 mEq./L. While marked 
degrees of muscular paralysis arc relatively 
uncommon accompaniments of potassium 
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deficiency, minor and moderate degrees of 
muscular weakness are common. ^ In a 
recent paper Huang and Mao 16 describe 
eleven cases of transient paralysis occurring 
in patients with cholera on the second to 
ninth day after hospital admission. The 
paralysis was regarded as analogous to that 
developing in familial periodic paralysis 
and responded dramatically to the intra- 
venous injection of potassium chloride. 
Unfortunately, the authors were unable to 
determine the level of serum potassium/ 

While no instance of frank muscular 
paralysis was observed in the patients in our 
series, varying grades of muscular weakness 
and asthenia were present. These were, in 
many instances, improved following ad- 
ministration of potassium. It is suggested 
that mild and moderate grades of muscular 
weakness and asthenia resulting from hypo- 
potassemia are probably overlooked and 
attributed to the underlying clinical state. 
''The importance of potassium in the 
correct functioning of the isolated heart is 
well known and easily demonstrated. Defi- 
ciency of body potassium has produced 
necrosis of heart muscle in experimental 
muscle preparations. The following cardiac 
effects during hypopotassemia have been 
noted: 1 ' -19 dilatation of the heart, develop- 
ment of systolic murmurs, ectopic rhythms 
and profound electrocardiographic changes 
°f a type associated with severe grades of 
myocardial abnormalities. In addition the 
blood pressure is usually low. Such pro- 
found effects on the heart obviously add to 
the severity of the clinical picture. These 
alterations are usually promptly reversed 
by administration of potassium. 

Since a deficiency of potassium affects 
many vital functions and since the potas- 
sium is depleted in intestinal obstruction, 
•t seems very probable that some of the 
symptomatology of intestinal obstruction 
™ay be the result of a deficiency of potas- 
sium. This is based on the following: (1) the 
marked depletion of this important electro- 
ytc in a relatively short period of time 
ollowing vomiting; (2) the presence of 
asthenia, weakness, low blood pressure and 
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2a 2b 2c 

Fig. 2. Case 10. Diagnosis: pyloric obstruction 
with cyst of pancreas. A, control, K 2.7 mEq./L. 

Note the low amplitude of the T waves in the 
precordial leads with lengthening of the Q-T in- 
terval to 0.50 second, b, forty-five minutes after 
150 cc. of 1.12 per cent potassium chloride had 
been given. Note diminution of the RST segment 
depression with a slight increase in the amplitude 
of the T waves, c, two hours after 300 cc. of potas- 
sium chloride had been given. Note the further 
increase in the amplitude of the T wave. The Q-T 
interval now measures 0.236 second. The serum 
potassium at this time was 4.3 mEq./L. 

a shock-like state which in many aspects 
resembles the syndrome of hypopotasse- 
mia; (3) the profound electrocardiographic 
changes; (4) finally administration of potas- 
sium results in improvement of the symp- 
toms and signs with almost immediate 
restoration of the electrocardiogram to 
normal. 
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3a 3b 3c 3d 3e 3f 3g 

Fig. 3. Case 14, a patient aged eighty-seven. Diagnosis: lower intestinal obstruction due to carcinoma of the 
sigmoid, a, control, February 2, 1948. Potassium 3.8 mEq./L. Note inverted T waves in all leads with length- 
ening of the Q-T interval, b, after 150 cc. of potassium chloride had been given in forty-five minutes. The 
T wave is now upright, c. after 300 cc. had been given in two hours. Note the upright T waves, d, two hours 
after the potassium had been stopped the electrocardiogram shows no significant change. E, 3.24 hours later it 
shows flattened T waves in the precordial leads, f, after patient began to take food by mouth it shows a return 
of the serum potassium to normal with a more upright configuration of the T wave, g, February 7, 1948. 
shows continuing improvement with a practically normal electrocardiogram. 


^ MECHANISM OF POTASSIUM LOSS THROUGH THE 
VOMITING PRODUCED BY INTESTINAL 
OBSTRUCTION 

Potassium is lost in intestinal obstruction 
mainly through dii'ect loss of the electrolyte 
which is present in the stomach and in- 
testinal secretions. Long-continued vomit- 
ing of stomach secretions results in a loss of 
intra- and extracellular fluids which con- 
tain potassium and in the loss of potassium 
contained in the gastrointestinal secretions. 
Falconer 8a ' d observed that the vomitus 
contained five times the concentration of 
potassium present in the serum. Frenkel 1 ' 
found the potassium in vomitus to be 


from 40 to 50 mg. per cent. Austin and 
Gamman 20 observed that gastric juice con- 
tains two and one-half times as much 
potassium as is found in blood serum. With 
loss of gastric secretions containing free 
hydrochloric acid, more chloride is lost 
than sodium, with resulting production of 
alkalosis. The excess of sodium in propor- 
tion to chloride in such states may go into 
the cell, displacing potassium which is 
eliminated. 

Loss of potassium may also result through 
procedures designed to treat the vomiting 
and certain other symptoms caused by 
intestinal obstruction. Suction by the Wan- 
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4a 4b 4c 4d 4e 4f 

Fig. 4. Illustration of how parenteral fluids which contain no potassium help to produce and maintain 
low serum potassium levels. Case 15, a patient aged twenty-five. Diagnosis: ruptured duodenal ulcer; 
the patient vomited only one day prior to admission, a, January 30, 1948, prior to operation. Note 
tachycardia, upright T waves with slight depression of the S-T segments. Operation was performed 
(gastro-enterostomy). This patient was given fluids parenterally, saline and glucose, but was unable 
to take any food by mouth, b, February 6, 1948, control shows T waves to precordial leads of some- 
what diminished amplitude followed by a second wave which resembles a U wave but may be part 
of a T wave (TU wave). The exact end of the T wave is difficult to determine, c, one hour and forty- 
five minutes after b, after 500 cc. of 1.2 per cent potassium chloride had been given; note increased 
amplitude of the T wave with absence of the U component of the TU wave, d, one hour later. Notice 
diminution in amplitude of the T wave with a small U wave, e, February 7, 1948, the patient had 
begun to take food by mouth earlier on this day. Note potassium to be 2.7 mEq./L. Note diminution 
of the U wave, f, February 10, 1948, the patient had been eating. The electrocardiogram is now 
relatively normal. 


gensteen or Miller-Abbott tube results in 
the loss of large amounts of fluid which con- 
tain considerable amounts of potassium. 

During periods of inanition there is a 
considerable loss of nitrogen from the cells. 

his also results in a loss of potassium 
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which is present in the cells in a ratio of 
2 Gm. of nitrogen to 1 mM. of potassium. 

Parenteral administration of glucose tends 
to diminish the serum potassium, causing 
potassium to enter the cells of the muscles 
and liver in association with glycogen 
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formation. This is particularly apt to occur gram from low to normal, high and toxic 


when the cellular potassium is low. In 
addition glucose tends to produce a transi- 
ent depletion of salt and helps to eliminate 
potassium by production of diuresis. On 
the other hand, glucose has a sparing effect 
on protein loss which occurs when the 
patient is not taking food by mouth. 

V* POTASSIUM AND CARDIAC FUNCTION 

The action of potassium on the heart is a 
dual one, this ion affecting both impulse 
conduction and muscle contractility. The 
potassium ion is necessary for normal 
cardiac function; in the absence of potas- 
sium the isolated perfused mammalian 
heart will stop beating in systole. This can 
be corrected by adding potassium salts. 
On the other hand, if the concentration of 
potassium in the perfusion fluid is too high 
the heart will once again fail, this time in 
diastole due to a direct depressant action 
of the ion on the myocardium. Winkler, 
Hoff and Smith (1 938) 21 administered 
potassium chloride to dogs by slow intra- 
venous infusion and correlated changes in 
the electrocardiogram with the serum 
concentration of potassium. They found 
that alterations in the T wave appeared at 
serum concentrations of 5 to 7 mEq. / L., 
depression of the S-T segment at 8 to 10 
mEq. /L., intraventricular block at 10 
mEq. /L., disappearance of P waves at 
9 to 11 mEq. /L. and cardiac arrest at 14 
to 1 6 mEq. /L. 

The electrocardiogram serves as a fairly 
good criterion of serum potassium values. 
This is suggested by the following points: 

(1) The importance of potassium in muscle 
contraction, the electrical events of which 
are recorded by the electrocardiogram; 

(2) the fact that the heart is the first organ 
to be affected by this drug following intra- 
venous injection (even before skeletal mus- 
cle); (3) the almost immediate alterations 
in the electrocardiogram upon administra- 
tion of small doses of potassium (as low as 
50 cc. of isotonic potassium chloride); (4) 
the ability to follow the entire gamut of 
serum concentrations by the electrocardio- 


concentrations; (5) the failure to encounter 
typical electrocardiographic patterns of 
high or low potassium values in normal 
electrocardiograms.^ 

THERAPEUTIC IMPLICATIONS 

These findings indicate that potassium 
salts should be included in the parenteral 
fluids used in states associated with ex- 
cessive vomiting. Harrow 22 suggests that 
the solution used to replace the electrolyte 
deficit should contain sodium chloride, 
sodium bicarbonate and potassium chloride 
when acidosis is present. In alkalosis, on the 
other hand, a solution containing sodium 
chloride and potassium chloride is indicated. 
The importance of establishing and main- 
taining a normal electrolyte balance can- 
not be over emphasized. Potassium chloride 
may be given intravenously, by clysis and by 
mouth. The intravenous route can be used 
in patients who are in some degree of 
shock and in the presence of diabetic 
acidosis. In other instances intravenous 
injection is usually associated with more 
or less severe pain at the injection site 
which renders its administration difficult. 
Administration by clysis is usually associ- 
ated with no discomfort. Administration 
by mouth can be resorted to when feasible. 

TOXICITY OF POTASSIUM 

A discussion of the toxic effects of potas- 
sium is of importance because the therapeu- 
tic indications are to supply potassium in 
larger quantities to overcome the potassium 
deficit. Potassium chloride has been given 
by mouth in doses from 5 to 15 Gm. with 
no untoward effects to patients with normal 
renal function. Most of the potassium is 
eliminated in a period of three to four hours. 
The toxicity following parenteral injection 
depends upon the rapidity and amount 
injected, the potassium level prior to 
injection, the renal function and probably 
the condition of the heart at the time of 
injection. In man, in absence of potassium 
deficit, the maximum amount considered 
safe to inject intravenously at one dose is 
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only 3 to 4 mg. /Kg. of body weight. 11,23 
The chief danger in the use of potassium 
salts is the production of heart block. This 
develops when the extracellular concentra- 
tion rises to a little more than twice the 
normal value. If renal function is good, 
potassium is rapidly excreted when the 
concentration in the serum rises. However, 
rapid intravenous administration can ex- 
ceed the rate of excretion. Darrow 22 esti- 
mated that 3.5 mM. of potassium or 
0.26 Gm. of potassium chloride per Kg. is 
a safe dose if used with proper precautions. 
The total dose should not be given in less 
than four hours and preferably should be 
given by slow drip in eight or more hours. 
For parenteral administration he suggests 
administration by hypodermoclysis since 
this method is safer than the intravenous 
route. Administration of potassium chloride 
should be combined with sodium chloride 
or sodium chloride and sodium bicarbonate 
together with intravenous glucose in water 
sufficient to supply the water requirement. 
The glucose probably facilitates the transfer 
of potassium to the cells. 

In the patients of our group, all of whom 
had low levels of serum potassium and 
probably low cellular potassium, we injected 
quantities from 100 to 700 cc. of 1.14 per 
cent solution without untoward effect in a 
period of one to three hours. Our experience 
would tend to indicate that patients in a 
depleted state of potassium- can tolerate 
Iar ge quantities without untoward effects. 
In case of doubt it is suggested that the 
injections be given slowly and frequent 
electrocardiographic checks be made before 
additional quantities are administered. It is 
elieved that the dangers of potassium 
intoxication have been considerably over- 
rated. 


SUMMARY 


• The effect of severe vomiting up 
L® Serum potassium level is discusst 
re serum potassium was found to be 1< 
m ^ een patients with protracted vomiti 
and decreased still further following thera 
"itr saline and glucose solutions. That t 
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depletion involved not only the serum 
potassium but the intracellular potassium 
is suggested by the small rise in serum 
concentration following injection of rela- 
tively large doses of potassium chloride. 
The relationship of a low serum potassium 
to serum concentrations of other electrolytes 
is discussed. 

2. The electrocardiographic patterns in 
hypopotassemia are described and the 
effects of administration of potassium are 
noted. The electrocardiogram is a fairly 
good criterion of potassium deficiency and 
of considerable importance in the diagnosis 
of this condition. 

3. Administration of potassium resulted 
in clinical improvement in the patients 
described and in a return of the. electro- 
cardiogram to normal. Administration of 
this electrolyte in such states is important 
and in some patients may be life-saving. 

Acknowledgments: The authors wish to thank 
Miss Claire Grobman and Miss Anne D. Arrison 
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Hemodynamic Studies in Two Gases of 
Wolff-Parkinson- White Syndrome with 
Paroxysmal AV Nodal Tachycardia* 

M. Irene Ferrer, m.d., Rejane M. Harvey, m.d., Herbert M. Weiner, m.d., 
Richard T. Cathcart, m.d., and Andre Cournand, m.d. 

New York, New York 

S ince the original description of Wolff- The theory of pre-excitation suggests the 
Parkinson-White syndrome , 1 a num- presence of ventricular asynchronism with 

ber of theories have been suggested the lag in ventricular contraction on the 

to explain the abnormal electrocardio- side opposite to the anomalous AV bundle, 

graphic pattern and associated attacks of It has been shown 5 that the electrocardio- 
paroxysmal tachycardia. The concept of graphic pattern in Wolff-Parkinson-White 
an accessory pathway similar to the bundle syndrome may simulate both right and left 

of Kent 2 represents the most acceptable bundle branch block, indicating an ano- 

explanation to date. The demonstration of malous AV conduction pathway on the 
the existence of such an anatomic atrio- left or right side of the heart, respectively, 

ventricular connection in a patient known The manner in which the ventricle on 
to present the characteristic clinical and the normal side is depolarized, however, is 

electrocardiographic findings during life still uncertain. Originally it was believed 

offers further evidence of the validity of the that in most instances of Wolff-Parkinson- 

concept . 3 Pre-excitation of one ventricle White syndrome excitation took place via 

with the typical Wolff-Parkinson-White the normal conduction pathway (His bun- 

electrocardiographic tracings has been pro- die and Purkinje system). Depolarization 

duced experimentally previously ; 40 ' 6 in of this type would produce ventricular 

addition, using the same pathway, supra- asynchronism characterized by a normal 

ventricular tachycardia was produced when electrical-mechanical event relationship in 

conduction was retrograde from ventricle the normal ventricle and an early onset 

to auricle. This evidence provides a satis- of the mechanical event in the ventricle 

factory explanation for many of the features excited via the short-circuit pathway. In 

of the anomalous conduction in this syn- Kossman and Goldberger’s patient 3 the 

drome and suggests that the configuration anomalous pathway was probably located 

of the QRS complex during the anomalous on the right side as evidenced by a left 

AV conduction could be explained by bundle branch block pattern. However, 

fusion from pre-excitation or by early they found a considerable delay in onset of 

excitation of one ventricle via the anomal- ejection into the carotid artery which sug- 

ous AV pathway and normal depolarization gests delayed left ventricular contraction. 

°f the other ventricle by means of the This would be unexpected if activation of 

normal conduction bundle and Purkinje the left ventricle occurred via the His 

system. bundle and Purkinje system. They believe, 

From the Cardio-Pulmonary Laboratory, Chest Service and the First Medical Service, Columbia University 
, . lv I3 i°n> BUlevue Hospital, New York, and the Department of Medicine, College of Physicians and Surgeons, Colum- 
13 tmiyersity, New York, N. Y. Under grants from the Commonwealth Fund and the Life Insurance Medical Re- 
search Fund Gift for Study of Action of Certain Cardiovascular Drugs. 
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therefore, that the delay in contraction is 
dependent upon abnormal spread of activa- 
tion through the left ventricular muscle 
mass and suggest the following sequence of 
electrical events: ventricular excitation oc- 
curred very early on the anomalous side 
and the excitation wave spread through the 
right ventricular muscle mass, across the I, V. 
septum to activate the left ventricular 
muscle mass before the excitation wave 
from the AV node traveling over normal 
specialized conduction pathways reached 
the left ventricular musculature. 

The manner and sequence of ventricular 
activation may be further clarified by 
simultaneous registration of the electrical 
and mechanical events on both sides of the 
heart. Catheterization of the right ven- 
tricular chamber now makes this possible. 

Although an abnormal AV pathway is 
present, it has been constantly stressed that 
the characteristics of this syndrome are 
found predominantly in adults without 
evidence of heart disease. Detailed investi- 
gation of the hemodynamics of the circula- 
tion in these patients would be of interest to 
rule out any subclinical cardiac abnormali- 
ties. In addition, little precise informa- 
tion is available concerning adaptation 
of the circulation in man to paroxysmal 
arrhythmias. 

The present study consists in hemodyna- 
mic measurements made in two patients 
with all the characteristic features of the 
Wolff- Parkinson- White syndrome. Data con- 
cerning one of them has been discussed 
briefly in a previous publication. 7 

METHOD 

Using the right heart catheterization technic, 
intracardiac, peripheral arterial and peripheral 
venous pressure tracings were recorded by 
means of Hamilton manometers and were 
registered simultaneously with the electro- 
cardiogram in two patients with Wolff-Parkin- 
son-White syndrome. A Cambridge instrument 
of the string galvanometer type was used for 
inscription of the electrocardiogram. The time 
lag in mechanical transmission of an impulse 
through the catheter has been found to be 0.01 
second. 8 Cardiac output, using the direct Fick 


principle, was also measured and peripheral 
vascular resistance and stroke volume were 
computed. These data were obtained during 
the anomalous atrioventricular conduction and 
also during an attack of supraventricular 
tachycardia in each of the two subjects. One 
patient (G. F.), a woman of twenty-nine, had 
no evidence of organic heart or pulmonary 
disease. The other (K. N.), a male of forty-one, 
had pulmonary tuberculosis, a left thoraco- 
plasty and some disturbance in pulmonary 
function. Both were subject to spontaneous 
attacks of tachycardia. In one patient (G. F.) 
exploration of the right heart chambers, using 
a direct intracardiac lead placed in one side of 
a double lumen catheter,* permitted the 
electrocardiographic registration of intracavi- 
tary potentials simultaneously with the intra- 
cardiac pressure curves. The central terminal 
of Wilson was used as the indifferent electrode 
in this instance. 

ELECTROCARDIOGRAPHIC DATA 

The electrocardiograms taken before cath- 
eterization in both cases show the short PR 
and prolonged QRS intervals characteristic 
of the syndrome. In one patient (G. F.) a 
series of unipolar precordial leads,, using 
Wilson’s central terminal, and the three 
augmented unipolar limb leads were taken 
and show a pattern similar to left bundle 
branch block with delayed activation over 
the left side of the heart, suggesting a right 
bundle of Kent. In the second patient 
(K. N.) the QRS complexes in the standard 
leads are similar to the right bundle branch 
block pattern, indicating a left Kent 
bundle. 

Inti'oduction of the venous catheter into 
the right auricle in each case was followed 
by production of a paroxysmal supra- 
ventricular tachycardia with a ventriculai 
rate of 187 and 178, respectively. Identifica- 
tion of the location of the ectopic pacemakci 
was difficult in one patient (G. F.) until the 
registration of the intracardiac (intia- 
auricular) pattern identified it as AV 
nodal in origin, with a retrograde P wave 
falling after the descending limb of the R 

* This catheter was supplied by the United States 
Catheter & Instrument Corp., Glens Falls, N. 1 . 
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Fig. 1 . Records taken during nodal tachycardia in patient G. F. Simultaneous records are shown of the brachial 
artery (B. A.) pressure and the intracardiac lead with the right atrial, superior vena cava and subclavian vein 
pressure tracings. The standard leads i, n and m of the electrocardiogram are also shown. Note the markedly ab- 
normal pressure tracings in the right atrium (rt. at.) and superior vena cava (sup. vena cava) and the chang- 
ing character of the intracardiac lead as it was displaced from auricle to subclavian vein. The retrograde P wave 
(P) is well seen in the auriculogram. 


wave. (Fig. 1.) In addition the auricular 
pressure curves, to be discussed later, proved 
to be characteristic of this particular ar- 
rhythmia as shown by Lewis. 9 In the second 
patient (K. N.) no intracardiac lead was 
available but auricular pressure curves 
obtained during the supraventricular tachy- 
cardia were identical with those of the first 
patient. This fact plus the electrocardio- 
graphic evidence in the standard leads 
makes the diagnosis of AV nodal tachy- 
cardia in this case most likely. 

HEMODYNAMIC DATA 

Data obtained in the two patients are 
tabulated in Table 1 . For comparison aver- 
age values obtained in normal subjects are 
also presented. 

During Nodal Tachycardia. In both cases 
during nodal tachycardia the changes in 
hemodynamics followed the same pattern. 
This tachycardia was characterized by a 
retrograde P wave identified by the intra- 
cardiac lead. (Fig. 1.) There was, however, 
a marked alteration of pressures in the right 
auricle, superior vena cava and, to a lesser 
degree, in the subclavian vein (Fig. 1 and 
Table 1 ) as compared with the normal 
tracings. (Fig. 2 and Table 1 .) The contour 
°f the abnormal pressure curves in the 
auricle during nodal tachycardia are identi- 
cal to those in the jugular tracings described 
y Lewis 9 who considered them to be 
combination a and c waves. The curves in 
June, 1949 


the superior vena cava resemble those in 
the right auricle very closely. Jugular vein 
tracings would, no doubt, approximate 
those in the superior vena cava since there 
is no valve between these two venous chan- 
nels. There is a striking difference, however, 
in the tracings taken in the subclavian vein, 
largely because a competent venous valve 
separates this vein from the innominate. 
This is evidenced also by the large pressure 
difference between the superior vena cava 
and subclavian vein. In spite of the dampen- 
ing effect of this valve on the pulse wave 
as it travels through the large intrathoracic 
veins, a sharp rise in pressure appears cor- 
responding to the rise in pressure in the 
right auricle. Comparison of the mean 
pressures in the right auricle during Wolff- 
Parkinson- White conduction and nodal 
tachycardia (Table 1 ) demonstrates the 
considerable increase in pressure during 
tachycardia. During aberrant conduction 
the right atrial mean pressure was 2.0 mm. 
Hg (27 mm. of water) and during nodal 
tachycardia the mean pressure rose to 
8.0 mm. Hg (109 mm. of water). The peaks 
of pressure rise actually reach 20 mm. Hg 
(272 mm. of water) while normal auricular 
systole rarely exceeds 5 mm. Hg (68 mm. of 
water). This peak pressure rise approaches 
the normal right ventricular systolic pres- 
sure level. (Table 1 and Fig. 1.) 

Onset of the auricular pressure rise 
during tachycardia occurs 0.11 second after 
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Fig. 2. Records taken during WolfT-Parkinson-Whitc conduction in patient G. F. The blood pressure records were 
taken in the right ventricle (rt. vent.), the brachial artery (ba), the right atrium (rt. at.) and the subclavian vein 
(subclav. v.). Many artefacts are seen in the tracings from the right ventricle and atrium; the pressures, however, 
appear essentially normal. 


the beginning of the QRS complex and 
precedes in time the electrocardiographic 
inscription of the retrograde P wave which 
falls after the descending limb of the QRS 
complex. (Fig. 1.) Normally the onset of 
ventricular systole, as recorded in the auric- 


pressure rise in the right auricle is probably 
due to the summation of two events: (1) 
regurgitation of blood through the tri- 
cuspid valve during ventricular isometric 
contraction and early ejection and (2) 
auricular systolic contraction following the 


Table i 

HEMODYNAMIC STUDIES IN TWO PATIENTS WITH WOLFF-PARKINSON-WHITF SYNDROME 


AND NODAL TACHYCARDIA 





Blood Pressures in mm. 

Hg 


Cardiac Output 

Periph- 

Patient 

Pulse 

Rate 

Brachial Artery 

Right 

Ventri- 

cle 

(Syst./ 

Diast.) 


Supe- 

rior 

Vena 

Cava 

(Mean) 

Sub- 

clavian 

L./min./m 2 

Per 

eral 

Resist- 

ance 

Dynes 



(Syst./ 

Diast.) 

(Mean) 

Vein 

(Mean) 

Beat 

cm.- 5 

see. 

Normal 


120/70 

90 

28/2 

1 

1 

1 

4 

3.12 ± 0.4 


1500 

G. F. 

Nodal tachycardia. . . 

187 

102/73 

80 

i 

8 

7 

5 

3.39 

27 

1130 

W-P-W conduction 
with right bundle 
of Kent 

78 

104/66 

77 

28/3 

2 


3 

3.16 


1240 

K. N. 

Nodal tachycardia. . . 

178 

105/77 

90 

II 

6 



2.30 

24 

1600 

W-P-W conduction 
with left bundle of 
Kent 

121 

104/72 

84 

32/1 

1 

-1 

-1 

2.29 

34 

1590 


ular pressure tracing, occurs 0.06 to 0.09 
second after the beginning of the QRS. 
The abnormally high upward deflection 
in the auricular pressure wave simulates a 
ventricular pressure curve and has lost the 
normal A, C and V waves. This abnormal 


retrograde P wave. Both events occurring 
in rapid succession would be inscribed as a 
single upward deflection of marked ampli- 
tude. The cause of the tricuspid regurgita- 
tion is probably to be ascribed to the 
absence of a normal auricular systole 
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occurring near the end of ventricular dias- 
tole. The role played by auricular systole 
in the closure of the AV valves has been 
emphasized by many authors. According 
to Wiggers, 10 production of turbulent flow 
with formation of eddies tends to close the 
valves. In addition an area of negative 
pressure develops in the axial stream when 
the jet of blood is suddenly stopped at the 
end of auricular systole. Into this area of 
negative pressure blood is drawn from the 
sides “much as water in the wake of a ship” 
and the valves are carried with the blood 
and approximate their leaflets. 

As in nodal tachycardia the auricular 
systole follows the onset of ventricular sys- 
tole, these mechanisms for the valve leaflet 
approximation are not operating at the 
proper time in relation to ventricular sys- 
tole. Furthermore, mechanical auricular 
systole occurs against a closed tricuspid 
valve since the ventricle is contracting and 
intraventricular pressure is high. The very 
high peak of auricular pressure probably 
favors retrograde flow into the intra- 
thoracic venous system as far as the periph- 
eral venous valves during part of the 
cardiac cycle. Thus auricular filling which 
normally takes place during ventricular 
systole is inadequate because of retrograde 
flow and abnormally high auricular pres- 
sures. The filling of the auricles is therefore 
limited to the very short interval during 
which the auricular pressure is falling and 
the filling of the right ventricle during the 
short period of diastolic inflow is probably 
inadequate. 

It is not surprising, therefore, that the 
cardiac output during tachycardia remains 
unchanged as compared to the cardiac 
output during Wolff-Parkinson- White con- 
duction and normal rhythm and that stroke 
volume is considerably reduced. It should 

e emphasized that the cardiac output was 

etcrmined fifty minutes after the onset of 
nodal tachycardia and it is impossible to 
predict how long the systemic flow would 
remain at that level. 

It has been just noted that the mean 
piessure in the subclavian vein is lower 
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than in the large veins of the thorax, a 
situation somewhat different from that 
arising in the usual type of tricuspid insuf- 
ficiency 11 with right ventricular and auricu- 
lar dilatation associated with large blood 
volumes and cardiac failure. The periph- 
eral venous flow in the arm must there- 
fore be discontinuous, taking place only 
after the large retrograde wave moving 
from the auricle into the large vessels of the 
thorax has passed. As is well known clinical 
observation of jugular venous pulsations 
provides in these arrhythmias more infor- 
mation than measurement of the peripheral 
venous pressure. 

In an attempt to secure right ventricular 
pressure tracings during nodal tachycardia 
in both cases the catheter was advanced 
from the right auricle into the right ventri- 
cle. This maneuver broke the nodal tachy- 
cardia in both patients. In one (G. F.) , a 
continuous electrocardiogram was recorded 
during movement of the catheter and 
resumption of normal sinus rhythm with 
Wolff-Parkinson-White conduction was pre- 
ceded by a premature ventricular systole. 

During Wolff-Parkinson-White Conduction. 
During normal sinus rhythm with Wolff- 
Parkinson-White conduction the hemo- 
dynamics of the circulation in one patient 
(G. F.) were entirely normal. The cardiac 
output, peripheral vascular resistance and 
arterial blood pressures were the same as 
during tachycardia (Table 1) but right 
auricular and subclavian vein mean pres- 
sures were lower. The right ventricular 
pressures were within normal limits. (Table 
1 and Fig. 2.) 

The second patient (K. N.) had a low 
cardiac output and a slightly elevated right 
ventricular systolic pressure during sinus 
rhythm with Wolff-Parkinson-White con- 
duction. (Table 1.) These findings are 
compatible with the diagnosis of early cor 
pulmonale related to chronic pulmonary 
disease and collapse of one lung by thoraco- 
plasty. Arterial blood pressures and periph- 
eral vascular resistance were normal 
and the same as when measured during 
nodal tachycardia. The right ventricular 
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diastolic and right auricular mean pressures 
were within normal limits and the latter 
was considerably lower than during the 
arrhythmia. Stroke volume increased but 
was still low during aberrant conduction. 
This resulted from the dual effect of low 


mechanical relationship seen in these two 
patients (Table n) during aberrant AV ex- 
citation and nodal tachycardia, comparison 
with normal intervals (Table n) is essential. 
Three time intervals are to be considered: 
(1 ) the time interval between the beginning 


Table ii 

ELECTROCARDIOGRAPHIC DATA AND ELECTRICAL MECHANICAL INTERVALS. IN TWO PATIENTS 


WITH WOLFF-PARKINSON-WHITE SYNDROME 


Patient 

Pulse 

Rate 

Electrocardiographic 
Data, (sec.) 

Electrical Mechanical Intervals, 
(sec.) 

PR 

Interval 

QRS 

Interval 

P-At s 

Q-RV„ 

Q-BA, 

Normal 

60-100 



0.05-0.11 


0.14-0.19 

G. F. 


1 



1 



187 





0.18 

W-P-W conduction with right bundle 

i 






of Kent 

78 



0.08 


0.24 

K. N. 








178 


ii»wnsi! 



0.19 

W-P-W conduction with left bundle 







of Kent 

121 

0.11 

0.12 

0.06 

0.16 

0.24 


cardiac output and sinus tachycardia. 
(Table i.) 

In summary, a comparison of the hemo- 
dynamic data obtained during Wolff- 
Parkinson- White conduction and during 
paroxysmal nodal tachycardia in these two 
patients shows that during the latter: (1) the 
cardiac output was unchanged with the 
development of striking pressure abnormali- 
ties in the right auricle and despite marked 
increase in ventricular rate, (2) the stroke 
volume was greatly diminished and (3) the 
arterial blood pressure and peripheral 
vascular resistance were not altered. 

ELECTRICAL-MECHANICAL EVENTS 

It is generally agreed that there is no 
abnormality in auricular activation in 
Wolff-Parkinson-White syndrome. The basic 
disturbance appears to be abnormal ven- 
tricular excitation. An analysis of the time 
intervals between electrical and mechanical 
events in the cardiac cycle was undertaken 
in order further to elucidate this problem. 
In considering the abnormal electrical- 


of the P wave and the onset of auricular 
systole (P-AT„), (2) the time interval be- 
tween the beginning of the initial deflection 
of the QRS complex (Q) and the onset of 
right ventricular systole (Q-RV„) and (3) 
the time interval between the beginning of 
Q and the onset of pressure rise in the 
brachial artery (Q-BA S ). This latter gives 
indirect information as to the contraction of 
the left ventricle. No attempt has been 
made to delineate the relationship in time 
of diastole to the electrical events. 

During Nodal Tachycardia. In both pa- 
tients during the AV nodal tachycardia it 
was impossible to determine the P-AT„ time 
interval because of the distorted pressure 
curve and the presence of a retrograde P 
wave. No information is available concern- 
ing events in the right ventricle during the 
arrhythmia since passage of the catheter 
into this chamber interrupted the tachy- 
cardia and restored the aberrant conduction 
and sinus rhythm. From analysis of the 
relationship of electrical-mechanical events 
in the brachial artery (Table h) it can be 
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seen that the Q-BA & time during tachy- 
cardia was normal in both cases. At this 
time presumably depolarization of both 
ventricles was accomplished via the normal 
conduction system as evidenced by the 
normal QRS interval (Table n) of 0.06 and 
0.08 second, respectively. 

During Wolff-Parkinson-White Conduction. 
During Wolff-Parkinson-White conduction 
and sinus rhythm the electrical-mechanical 
event relationship in the right auricle, as 
expressed by the P-AT S interval, was nor- 
mal in both patients. 

Analysis of the ventricular events, how- 
ever, reveals similar abnormalities in both 
patients. These are characterized by pro- 
longation of both the Q-BA E and Q,-RV S 
intervals, indicating a delay in the onset 
of the systole in both the right and left 
ventricles. It seems evident that neither 
ventricle is activated by the normal con- 
duction pathways. Rather it is likely that 
the ventricular excitation wave is con- 
ducted entirely via muscular tissue. Since 
the velocity of impulse transmission is 
slower in muscle (approximately 400 mm./ 
sec.) than in specialized conduction tissue 
(4,000 mm. /sec.), 9 prolongation of the 
Q,-BA S and Q-RV S intervals is compatible 
with the theory that the short circuit path- 
way carries the impulse directly into ven- 
tricular muscle mass, depolarization then 
spreading through both ventricles by muscu- 
lar pathways. A necessary corollary to the 
theory of muscular conduction in both 
ventricles during anomalous excitation is 
that the accession wave traveling over the 
normal conduction system on the contra- 
ateral side arrives to find the normal 
ventricle already partially depolarized and 
therefore refractory. Marked prematurity 
0 conduction to the ventricle via the 
anomalous bundle 6 or relative prolongation 
0 the delay at the AV node of the normal 
ccctiical activation, 5 or both, would per- 
mit the pre-excitation wave to reach the I. V. 
septum and activate the normal side before 

c arrival of the normally progressing 
impulse. This would occur provided the 
erminus of the aberrant AV bundle is not 
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too far from the interventricular septum. 
Mahaim 12 has identified and stressed this 
particular location of an accessory pathway. 
Consideration of the electrical-mechanical 
events in each case supports this theory. 

In the patient (G. F.) with an electro- 
cardiographic pattern similar to left bundle 
branch block and suggesting a right bundle 
of Kent, the onset of systole is markedly 
delayed on the left or normal side of the 
heart, as evidenced by a prolonged Q,-BA S 
time interval (Table 11 ), while the Q,-RV S 
interval is only slightly prolonged. The 
marked lengthening of the Q,-BA a time 
interval and the delayed activation over 
the left side of the heart in the precordial 
leads suggest that the impulse reaches the 
left ventricle only after initial activation of 
the right. 

In the patient (K. N.) who had a right 
bundle branch block pattern and pre- 
sumably a left bundle of Kent the onset of 
systole was markedly delayed in both 
ventricles as evidenced by prolonged Q,-RV S 
and Q,-BA S time intervals. (Table n.) The 
lengthening of these time intervals can be 
explained by an aberrant AV conduction 
into the base of the left ventricle with subse- 
quent activation of both ventricles by 
spread of the impulse through left ventricu- 
lar muscle mass, interventricular septum 
and right ventricular muscle mass. How- 
ever, both patients had identical Q,-BA S 
time intervals although in one the aberrant 
bundle was opposite in location to the other. 
If one assumes that it requires approxi- 
mately 0.04 to 0.06 second 6 for an impulse 
to travel from one ventricle to the other, 
as is the case in patients with true bundle 
branch block, then the patient (G. F.) who 
had a right aberrant bundle may have 
ventricular asynchronism entirely due to 
late activation of the lagging left ventricle. 
In the patient with a left anomalous path- 
way (K. N.) the delay on the right side is 
easily explained by the time required for 
the impulse to reach and to stimulate fully 
the right ventricle. .The delay on the left 
side, however, is as great as on the right. 
If it requires 0.05 second to activate com- 
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pletely the thicker ventricle, even though 
the impulse reaches it first in this patient, 
it is difficult to see why the Q-BA„ time 
in the first patient (G. F.) is not longer 
since the impulse starts from the right 
ventricle in this instance and must travel 
over to the left. It may be that the location 
of the distal end of the aberrant pathway 
is sufficiently variable in patients with the 
bundle of Kent on the same side to account 
for entirely different sites of origin of the 
initial ventricular excitation as well as dif- 
ferent sequences of depolarization. If in the 
patient with a right Kent bundle (G. F.) the 
bundle is long and the terminus lies near 
the interventricular septum, the excitation 
wave would spread in opposite directions 
and depolarization begin at nearly the 
same time in each ventricle. The difference 
in delay on each side, therefore, would be 
largely a matter of ventricular thickness. 
If the bundle is short and the terminus in 
the second patient lies near the base of the 
left ventricle, the pathway taken by the 
excitation wave would be more circuitous 
and the delay in the left ventricular me- 
chanical event would be due to slow pro- 
gression of the wave through a thick wall. 
Delay on the right would result both from 
the late arrival of the impulse on that side 
and delayed progression of electrical stimu- 
lation through the thinner right ventricular 
wall. With a cor pulmonale, the increased 
right ventricular muscle mass might 
further prolong the Q-RV,. The net result 
in this instance would be a nearly synchron- 
ous contraction of both ventricles. 

In summary, the data obtained by 
analysis of electrical-mechanical events in 
this syndrome suggests that the anomalous 
bundle is probably located on opposite 
sides of the heart in each patient. There is 
probably abnormal activation of both 
ventricles in each case, due in large 
measure to exclusive muscular conduction 
of the excitation wave. Ventricular asyn- 
chronism may and probably does exist in 
one patient and is probably absent in the 
second patient because of: (1) differences 
in location of the terminus of the aberrant 
pathway with resultant alteration of the 


sequence of depolarization and (2) dif- 
ferences in thickness of the two ventricles. 

INTRACAVITARY POTENTIALS 

In one patient (G. F.), using the intra- 
cardiac electrode, intracavitary potentials 
were recorded during nodal tachycardia 
and sinus rhythm with Wolff-Parkinson- 
White conduction. 

During nodal tachycardia, as can be seen 
in Figure 1, with the electrode in the 
auricle the QRS complex probably consists 
of a small initial positive deflection (R) 
followed by a deep negative deflection (S) 
and small final positive wave (R'). Im- 
mediately following the QRS complex 
there is a biphasic rapid deflection charac- 
terizing the retrograde P wave. When the 
intracavitary electrode was located in the 
superior vena cava the ventricular complex 
no longer showed an initial positive deflec- 
tion. The retrograde P wave has almost 
entirely lost its biphasic character. The 
pattern recorded in the subclavian vein no 
longer shows any P wave and the negative 
T wave is now discernible. 

Standard leads in this patient show supra- 
ventricular tachycardia. Further identifica- 
tion of the origin of the arrhythmia was 
made possible only by location of the 
retrograde P wave in the auriculogram. 

During Wolff-Parkinson-White conduc- 
tion with presumably a right accessory 
pathway, the intracavitary potentials re- 
corded in the right ventricle in G. F. 
(Fig. 2) were characterized by an uptight 
P wave and a QRS which begins with a 
small positive deflection (R) followed by a 
rapid but small S wave and a large final 
R\ The T wave is upright and there may 
be a small U wave which follows it. The 
auriculogram showed the expected varia- 
tion of the P wave with different positions 
of the electrode. When the electrode was 
near the tricuspid valve (Fig. 2) in about 
the mid-auricular position, the ventriculai 
deflections consist of a large negative 
followed by a large positive component. 
The T wave is difficult to delineate. With 
the electrode high in the auricle, near the 
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SA node, the QRS consists of R, S and R' 
with a positive T wave. 

The ventriculogram does not resemble 
those seen with classical left bundle branch 
block . 13,14 There appears to be no current 
of injury to distort the curve. However, the 
QRS does not have the usual right ventric- 
ular pattern of a small R and a deep S 13,14 
reported as normal. Insufficient knowledge 
concerning the different patterns that may 
be found in normal right ventricles pre- 
cludes further interpretation of the intra- 
cavitary potentials in this patient. 

SUMMARY AND CONCLUSIONS 

Using the right heart catheterization 
technic, intracardiac and peripheral arterial 
and venous pressure tracings were recorded 
simultaneously with the electrocardiogram 
in two patients with Wolff-Parkinson-White 
syndrome. Cardiac output, peripheral re- 
sistance and stroke volume were also 
measured. These data were obtained during 
the anomalous atrioventricular conduction 
and also during an attack of supraventricu- 
lar tachycardia in each of the two patients. 

In one case exploration of the right heart 
chambers, using a direct intracardiac lead, 
permitted the electrocardiographic registra- 
tion of intracavitary potentials simultane- 
ously with the intracardiac pressure curves. 
In this case identification of the supra- 
ventricular tachycardia as nodal could only 
be made in the intracardiac lead tracing. 

The information obtained in these two 
patients suggests that the anomalous con- 
duction pathway was located on different 
sides of the heart in each patient and that 
ventricular excitation was not normal in 
cither ventricle during aberrant conduction. 

Hemodynamic studies during the first 
fty minutes of the nodal tachycardia 
emonstrate that there were marked pres- 
sure and presumably filling abnormalities 
m right auricle related to tricuspid 
^sufficiency and an auricular systole ab- 
uoimal in time. With these alterations and 
cs pite the increased rate, the cardiac out- 
put was unchanged. 

During Wolff-Parkinson-White conduc- 
tor! and sinus rhythm, intracardiac and 

JUNr., 1949 


733 

arterial blood pressures and systemic flow 
were normal in one patient. Abnormalities 
in these values found in the other patient 
could be ascribed to a coincident early 
cor pulmonale. 
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Studies on Coronary Circulation* 

V. Quantitative Changes in a Serum Mucoprotein Following 
the Occurrence of Myocardial Infarction 

Benjamin Simkin, m.d., H. C. Bergman, Ph.D. and M. Prinzmetal, m.d. 

Los Angeles , California 


T he diagnosis of myocardial infarc- 
tion is not infrequently a difficult 
one, especially in cases in which the 
electrocardiographic changes are absent, 
minimal or atypical. In these situations 
laboratory procedures such as the sedi- 
mentation rate and white count, which are 
commonly used as diagnostic aids, may be 
of little value because of the non-specificity 
of these tests. With these facts in mind, it 
was postulated that an approach could be 
made to a more accurate diagnosis of 
myocardial infarction if substances derived 
from the breakdown of infarcted heart 
muscle could be detected and measured in 
the blood or urine of such patients. 

Since the breakdown of infarcted heart 
muscle by proteolytic enzyme activity could 
conceivably result in the release of cardiac 
muscle proteins and their breakdown prod- 
ucts into the blood, it was thought that 
investigation of serum protein changes 
following myocardial infarction would be of 
interest. The previous work ol Winzler and 
Burke 1 and the continuing studies of 
Winzler 2 on serum proteose changes in 
animals and man with cancer attracted our 
attention to study of the quantitative change 
of this serum component following the 
occurrence of myocardial infarction. Al- 
though this material was originally desig- 
nated as a proteose because it is heat-stable, 
perchloric acid soluble, non-dialyzable and 
can be salted out with saturated ammonium 
sulfate, 2 further studies on the chemical and 
physical properties of this material by 


Winzler 2 indicate that it may be classified 
more properly as a mucoprotein. Therefore, 
this communication constitutes a study of 
the quantitative changes in a serum muco- 
protein following the occurrence of myo- 
cardial infarction in man. Although an 
increase in the serum concentration of this 
mucoprotein following myocardial infarc- 
tion cannot be considered specific for this 
condition, as originally hoped, this pro- 
cedure has nevertheless proved helpful as 
a diagnostic aid under certain circumstances. 

METHOD AND MATERIALS 

Principle. The method for determination of 
the serum mucoprotein component f studied 
here was adapted from, the procedure recently 
developed by Winzler and his associates. 3 It 
is based upon the fact that this material is not 
precipitated by 6 per cent perchloric acid which 
does, however, precipitate the other serum 
proteins. Following removal of the serum pro- 
teins by perchloric acid, the mucoprotein which 
has remained in solution is precipitated by 
phosphotungstic acid, and the precipitate is 
quantitatively measured by the biuret or tyro- 
sine color reactions. In this study the biuret color 
reaction was used for determination of serum 
mucoprotein. 

Details of Method. To an exactly measured 
volume of serum, preferably 6 ml. obtained 
from 15 to 20 ml. of clotted blood, is added a 
solution of 6 per cent perchloric acid in an 
amount which is twice the volume of the serum 
sample. The mixture is shaken well and allowe 

j- For the sake of convenience this material will be 
referred to as “serum mucoprotein” throughout the rest 


of this paper. 

From the Institute for Medical Research, Cedars of Lebanon Hospital, Los Angeles, Calif. Endowed by grants 

from the Blanche May and Beaumont Trust Funds. 

734 AMERICAN JOURNAL OF MEDICINL 



Serum Mucoprotein — Simkin et al. 


735 


to stand ten minutes. A heavy whitish-yellow 
precipitate forms. At the end of ten minutes the 
solution is filtered, using No. 50, 9.0 cm. What- 
man filter paper. The time required for com- 
plete filtration varies from forty-five minutes 
to two hours. The filtrate should be clear and 
colorless; if any turbidity is seen, it should be 
refiltered through the same filter until clear. 
Exactly 10 ml. of the filtrate, measured with a 
10 ml. volumetric pipet, is placed in a 15 ml. 
centrifuge tube and 2 ml. of 5 per cent phos- 
photungstic acid in 2 N HC1 is added. A 
flocculent precipitate is formed. The solution 
is gently agitated and allowed to stand for ten 
minutes. The precipitate is separated by centri- 
fugation for ten minutes. The clear supernatant 
is decanted and the precipitate is washed with 
5 ml. of 5 per cent phosphotungstic acid in 2 N 
hydrochloric acid. After centrifugation the 
supernatant is again decanted. 

The precipitate is dissolved in exactly 5 ml. 
of 0.2 N sodium hydroxide. At the same time a 
blank tube is prepared with 5 ml. of 0.2 N 
sodium hydroxide and a standard tube with 
5 mg. casein in 5 ml. of 0.2 N sodium hydroxide. 
One ml. biuret reagent* is added to the blank, 
the standard and the unknown sample. The 
tubes are placed in the dark for one hour to 
permit full color development. At the end of an 
hour the color in the tubes is read with a Klett- 
Summerson Photoelectric Colorimeter using a 
green filter No. 54. 

The serum concentration of this material may 
be calculated by the following formula: 


or pathologic examination of the heart. The 
usual procedure was to determine the serum 
mucoprotein level twice a week for the first 
two weeks and then once weekly thereafter for 
the duration of the hospital stay. All patients 
were hospitalized and practically all of the blood 
samples were obtained between 9 and 11 a.m. 
In a few patients serum mucoprotein levels were 
obtained two to four months after onset of the 
illness at a time when satisfactory convalescence 
from the acute episode had been brought 
about. The corrected Wintrobe sedimentation 
rate 4 was obtained each time a mucoprotein 
determination was made. In a few instances 
the Linzenmeier sedimentation rate 5 was taken. 
Serum mucoprotein levels were correlated with 
sedimentation rate, leukocyte count, body 
temperature of the patient and the patient’s 
clinical status. In this series there were eight 
deaths. Autopsy was performed on two of these 
patients and in both instances the clinical 
diagnosis was confirmed. 

Serum mucoprotein levels were also deter- 
mined in a second series of twelve patients who 
complained of prolonged chest pain and in 
whom it was at first difficult to tell whether or 
not a recent myocardial infarction had occur- 
red. There were patients in this group who had 
angina pectoris, paroxysmal tachycardia, fibro- 
sitis and pain of psychogenic origin. 

Serum mucoprotein levels were determined 
in a third group of twenty-six hospital patients 
with miscellaneous non-cardiac illnesses. 


Mg. mucoprotein per 100 ml. 


serum = 


Colorimetric reading of unknown 

-r— — : — : — — — J — X 5 mg. casein X 100 

Colorimetric reading ol standard 

Volume of filtrate used for determination 


Total volume of filtrate 


X volume serum 


Normal mucoprotein values ranged from 40 to 
90 mg. per 100 ml. of serum. These values which 


"ere obtained in this laboratory correlated 
mth those found by Winzler. 3 

Sci ial serum mucoprotein determinat 
"ere performed on twenty-three patient! 
" om the diagnosis of a recent myocardial 
arction was made and subsequently was < 
lr med by either electrocardiographic chai 


5H,O°T P0Siti0n ° f blUrct rca S cnt: 500 m S- CuSOr 
40 n ’ P cr ccnt ammonium hydroxide, 85 ml. 

inn i CCnt car k°nate-frec sodium hydroxide diluted to 
100 InL with distilled water. 
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RESULTS 

Serum Mucoprotein Changes in Myocardial 
Infarction. In all but two of the twenty- 
three patients with a proven diagnosis of 
myocardial infarction there was a clearcut 
rise in the serum mucoprotein level. It was 
found that a characteristic rise and fall of 
serum mucoprotein occurred following the 
clinical onset of the disease. (Fig. 1.) The 
peak of the rise in serum mucoprotein 
exceeded the value considered as the upper 
limit of normal in all but three instances. In 
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this series the actual rise in mucoprotein 
above each patient’s normal value varied 
from 22 to 160 mg. per 100 ml. A tabulation 
of the results obtained for each patient 
may be seen in Table 1 . 

It was found that serial determinations 


first two days. For example, in this series 
there were mucoprotein levels above the 
range of normal in five of eight determina- 
tions performed on patients during the first 
two days. The peak of the rise in muco- 
protein occurred on the fifth and sixth days. 



Ftc. 1. Curve illustrating serum mucoprotein response 
following myocardial infarction. This curve is based upon 
the average serum mucoprotein values of the twenty-three 
cases listed in Table i. 



Fig. 2. A typical serum mucoprotein response to myo- 
cardial infarction. Case J. R., a sixty-six year old white male. 
Diagnosis: recent myocardial infarction of the anterior 
wall. It will be noted that there was no correlation between 
serum mucoprotein and sedimentation rate (Wintrobe). 


of serum mucoprotein offered a great deal 
more information than the absolute serum 
mucoprotein level obtained at any specific 
time after the onset of the patient’s attack. 
A definite elevation of the serum muco- 
protein did not take place in all patients 
until the third day after onset of the attack. 
In individual cases there may or may not be 
an increase in this substance during the 


On the whole, this elevation was maintained 
until the ninth day; thereafter the serum 
mucoprotein concentration gradually de- 
clined, approaching normal values at the 
end of a month. After two or three months 
the values always returned to the norma 
range. In individual cases there was a 
variation in the time at which the muco- 
protein level returned to normal. This may 
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I' ic. 3. Serum mucoprotein response to myocardial in- 
farction with terminal azotemia and shock. Case 
L. M., a fifty-four year old white male. Diagnosis: 
recent myocardial infarction of posterior wall. 
The patient died with terminal azotemia and shock 
on the thirteenth day after coronary occlusion; no 
autopsy was obtained. A return to normal muco- 
protein values occurred despite shock and terminal 
azotemia. In this case the sedimentation rate (Win- 
trobe) paralleled the serum mucoprotein values. 
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occur as early as the tenth day. Typical 
mucoprotein responses to myocardial infarc- 
tion as shown in Figures 2, 3 and 4. 

The following two cases illustrate the fact 
that serial mucoprotein determinations were 
more informative than any single level. In 
one, Table i, Case 9, a patient who had 
bronchogenic carcinoma with bone metas- 
tases developed an anterior wall myocardial 
infarction. The characteristic rise and fall 
of serum mucoprotein noted after a myo- 
cardial infarction was superimposed upon 
an already elevated mucoprotein level 
caused by the pre-existent bronchogenic 
carcinoma. Although a single determination 
for mucoprotein would have meant little 
in this case, serial determinations aided in 
showing the characteristic changes ob- 
served following myocardial infarction. In 
the second case, Table i, Case 22 (Fig. 5), 
a patient who had a coronary occlusion 
some months previously continued to have 
anginal attacks and was hospitalized be- 
cause of severe substernal pain of two hours’ 
duration. Serial determinations showed no 
change in the serum mucoprotein level 



Fig. 4. Graph illustrating optimum times for serial serum 
mucoprotein determinations. Case I. C., a sixty year old 
white male. Diagnosis: recent myocardial infarction of 
posterior wall. In this case the rise in serum mucoprotein 
during the first week aided in the diagnosis because the 
electrocardiographic changes were not well defined until the 
twelfth day. There seemed to be no apparent correlation 
between sedimentation rate (Linzenmeier) and serum 
mucoprotein. 
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which was below the usual range of normal. 
On the eighth hospital day he had another 
attack of severe substernal pain with 
collapse. Following this there was a rise of 
22 mg. per 100 ml. in the concentration of 
serum mucoprotein. Although the highest 


patients of this series did not exceed the 
value established as the upper limit of 
normal. One of these patients, Table i, 
Case 22, was described in the preceding 
paragraph. Another of these patients, Case 
16, died within twenty-four hours after 



Fig. 5. Graph illustrating the importance of serial scrum 
mucoprotein determinations although values occur within 
the normal range. Case I. S., a forty-nine year old male. 
Diagnosis: myocardial infarction. A patient with two previ- 
ous coronary occlusions had angina pectoris for six months. 
He was admitted to the hospital with severe substernal pain. 
Despite fever and rapid sedimentation rate (Wintrobc) the 
serum mucoprotein remained normal and no electro- 
cardiographic changes were noted. On the eighth hospital 
day the patient suffered another severe attack of substernal 
pain associated with collapse. The temperature was elevated, 
serum mucoprotein rose 22 mg. per 100 ml. above the previ- 
ous level and changes in the electrocardiographic record 
were atypical. The second attack was interpreted as myo- 
cardial infarction whereas the first episode was considered to 
be premonitory symptoms anticipating the myocardial 
infarction. 


absolute value of serum mucoprotein ob- 
tained was within the range of normal 
(66 mg. per 100 ml.), the significant increase 
in mucoprotein concentration, correlated 
with the characteristic curve of the rise and 
fall of serum mucoprotein, indicated the 
occurrence of a myocardial infarction fol- 
lowing the second attack of pain. The 
occurrence of a few atypical ECG changes 
following the second bout of pain but 
not following the first strengthened this 
conclusion. 

As just mentioned the highest muco- 
protein level obtained in three of the 


onset of his attack and the single muco- 
protein determination obtained was normal. 
However, serum mucoprotein may not be 
increased on the first day. The third patient, 
Case 10, had an anterior wall myocardial 
infarction with a typical clinical picture and 
electrocardiographic changes. In this case 
the mucoprotein concentration rose only 
15 mg. per 100 ml. to a peak value of 
93 mg. per 100 ml. Although a rise in serum 
mucoprotein did occur in this case, the 
findings were not considered clearcut cnoug j 
to indicate a positive response to myocardia 
infarction. 

AMERICAN JOURNAL OV M E D I C. I N E 




RELATION OF MYOCARDIAL INFARCTION TO SERUM MUCOPROTEIN 


Serum Mucoprotein — Simkin et al. 


739 



Serum Mucoprotein — Simkin et al. 


740 

In this series one patient, who entered the 
hospital with acute anterior' wall myo- 
cardial infarction, was of unusual interest 
because he had another myocardial infarc- 
tion on the twelfth hospital day. This was 
confirmed later at autopsy. In this case 


of these patients had developed a myo- 
cardial infarction. Two patients with par- 
oxysmal tachycardia had normal serum 
mucoprotein values despite the findings of 
a rapid sedimentation rate in both. One 
patient with chest pain due to neuro- 



ing two myocardial infarctions. M. B., a fifty-nine year old 
white male, was admitted to the hospital with recent myo- 
cardial infarction of the anterior wall. Serum mucoprotein 
which was greatly elevated on admission was returning to- 
ward normal when the patient had a second attack of chest 
pain on the eighteenth day. Serum mucoprotein rose again 
and the electrocardiographic changes were indicative of a 
new posterior wall infarction. The patient died on the lorti- 
eth day after the initial attack. At autopsy an older anterior 
wall infarction and a recent posterior wall infarction were 
found. Again, no correlation between the serum muco- 
protein and sedimentation rate (Linzenmeier) was found. 


there was a marked rise in serum muco- 
protein following the occurrence of each 
infarct. This is illustrated in Figure 6. 

Serum Mucoprotein in Other Conditions Char- 
acterized by Chest Pain. Serial serum muco- 
protein determinations were obtained in 
twelve patients who had prolonged attacks 
of chest pain due to causes other than 
myocardial infarction. Eight patients had 
angina pectoris or possibly myocardial 
ischemia without necrosis. In five of these 
patients serum mucoprotein determinations 
were performed after the occurrence of 
chest pain which was much more prolonged 
than usual. In all cases the serum muco- 
protein levels were normal and did not 
change on subsequent determinations. Sub- 
sequent electrocardiographic and clinical 
findings failed to provide evidence that any 


circulatory asthenia showed no elevation 
of serum mucoprotein as did one patient 
with hypertension and chest pain on the 
basis of fibrositis. These cases show that 
serum mucoprotein values are normal and 
remain normal in patients with chest pain 
due to causes other than myocardial infarc- 
tion or conditions not characterized by 
tissue destruction. 

Serum Mucoprotein Findings in Miscellaneous 
Conditions. In addition to serum muco- 
protein determinations in a control group 
of normal individuals, hospitalized patients 
with a variety of diseases were selected at 
random and tested. Normal serum muco- 
protein values were found in patients with 
such diseases as hyperthyroidism, peptic 
ulcer, chronic brucellosis, splenomegaly o( 
unknown etiology, temporal arteritis, ure- 
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mia, cerebral thrombosis, obstructive jaun- 
dice and urinary tract infection. Elevated 
serum levels were found in two cases of 
pneumonia, in three postoperative patients 
and in one case of bronchogenic carcinoma. 
Winzler in concurrent studies 3 found in- 
creased serum concentrations of muco- 
protein in patients with pneumonia and 
with cancers. Abnormally low values for 
serum mucoprotein were found in a few 
patients with portal cirrhosis and infectious 
hepatitis and in one pregnant woman. 

Relationship of Serum Mucoprotein to the 
Sedimentation Rate. In this study no con- 
stant relationship between the sedimentation 
rate and serum mucoprotein concentration 
was discernible. In patients with myocardial 
infarction acceleration of the sedimentation 
rate generally persisted longer than the 
elevation of serum mucoprotein. Figures 2, 
4 and 5 illustrate cases of myocardial 
infarction in which there was absolutely no 
relationship between the serum muco- 
protein concentration and the sedimenta- 
tion rate. In a few cases of myocardial 
infarction there was a parallelism in the 
observed changes in the serum mucoprotein 
and the sedimentation rate. An example of 
this is shown in Figure 3. 

In the group of twelve patients with chest 
pain due to causes other than myocardial 
infarction four patients exhibited accelerated 
sedimentation rates although in each of 
these patients the serum mucoprotein con- 
centration was normal. Two of these 
patients had angina pectoris and two had 
paroxysmal tachycardia. Again it is appar- 
ent that no relationship exists between the 
sedimentation rate and serum mucoprotein 
level. 

in Vitro Studies of Effect of Mucoprotein on 
Sedimentation Rate. Since it was possible 
that increased concentrations of serum 
mucoprotein could contribute to acceler- 
ation of the sedimentation rate, in vitro 
expci iments were conducted to determine 
the effect of this mucoprotein component 
011 the sedimentation rate. Known amounts 
of this mucoprotein material obtained from 
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pooled human plasma * were added to 
blood withdrawn from each of three normal 
individuals. Aliquots of the blood obtained 
from each person were prepared to contain 
varying concentrations of mucoprotein 
ranging from 50 to 850 mg. per 100 ml. 


Table ii 

EFFECT OF ADDED MUCOPROTEIN ON SEDIMENTATION RATE 



Serum 

Mg. Mucoprotein Added 
Der 100 ml. Whole Blood 

Subject 

Mucoprotein 
(mg. per 














100 ml.) 

| 

1 

°! 

100! 

i 

200, 

400 

800 

C. R. (M) 

56 

ESR* 

20 

25 

24! 

32 

42 



PCVt I 

48 

48 

48| 

43 : 

41 



CSRJ 

20 

26 

25 

26 

32 

H. B. (M) 

47 

ESR 

22 

20 

26 

29! 

39 



PCV 

46 

47 

45 

44 

41 



CSR 

21 

20 

23 

25 

32 

E. F. (F) 

63 

ESR 

18 

19 

23 

29 

43 



PCV 

42 

42 

42 

39 

36 



CSR 

18 

19 

23 

24 

32 


* Estimated sedimentation rate, 
f Packed cell volume, per cent. 

% Corrected sedimentation rate (Wintrobc). 


blood. A Wintrobe sedimentation rate 
determination was made with each of these 
blood samples. The results are shown in 
Table ix. It was found that blood muco- 
protein concentrations less than 150 mg. 
per 100 ml. had no effect on the sedimenta- 
tion rate. In concentrations between 150 
and 250 mg. per 100 ml. the mucoprotein 
material exerted a minimal effect upon 
acceleration of the sedimentation rate, and 
concentrations above 400 mg. per 100 ml. 
had a pronounced accelerating effect on the 
sedimentation rate. These findings were 
valid for both the uncorrected and corrected 
sedimentation rates. 

These results show that the sedimentation 
rate is not affected to any appreciable extent 
by the increased concentrations of muco- 
protein usually found in the serum following 
myocardial infarction. The acceleration 
of the sedimentation rate often noted in this 

* A sample of lyophilized mucoprotein obtained from 
pooled human plasma was provided through the kind- 
ness of Dr. Richard Winzler. 
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condition is undoubtedly caused by chemi- 
cal changes in the blood other than that 
reported here. 

COMMENTS 

The nature of the metabolic changes 
occurring in patients with myocardial 
infarction has received little study. Recently 
Altschule et al. G reported several observa- 
tions on metabolic changes in patients with 
myocardial infarction. Their findings, in 
addition to our own reported in this com- 
munication, suggest the desirability of 
further biochemical studies in patients with 
myocardial infarction. 

On the basis of the preliminary studies 
presented herein the increase in the con- 
centration of serum mucoprotein following 
myocardial infarction appears to be a fairly 
regular phenomenon and one which at 
times may be useful as an aid in establishing 
the diagnosis of recent myocardial infarc- 
tion. Moreover, this procedure has also 
proved helpful in ruling out the occurrence 
of myocardial infarction following a bout of 
chest pain. No increase in serum muco- 
protein was observed in patients with chest 
pain due to angina pectoris, paroxysmal 
tachycardia, neurocirculatory asthenia and 
fibrositis. Increases were found, however, 
accompanying chest pain associated with 
bronchogenic carcinoma and pneumonia. 

In the small number of cases studied thus 
far the serum mucoprotein findings ap- 
peared to correlate more closely with the 
presence or absence of myocardial infarction 
than the sedimentation rate. In several 
cases rapid sedimentation rates were ob- 
tained in patients with angina or paroxysmal 
tachycardia, but the serum mucoprotein 
concentration remained unchanged^* Con- 
versely, one patient with fresh anterior wall 
myocardial infarction did not exhibit a 
rapid sedimentation rate until the seventh 
day after the onset of illness although his 
serum mucoprotein level was elevated on 
the second day. Examination of some of 
the graphs .of individual patients shows 
that the serum mucoprotein values and 
sedimentation rates were independent of 


each other although in several instances 
they paralleled each other. 

In vitro experiments on the relationship 
of the mucoprotein material to the sedi- 
mentation rate showed that serum muco- 
protein in concentrations usually found 
after a myocardial infarction had little or 
no influence on the acceleration of the 
sedimentation rate. A marked accelerating 
effect on the sedimentation rate does not 
occur until concentrations are reached 
which are far beyond the usual elevated 
pathologic values. The explanation for the 
effect of very high concentrations of the 
mucoprotein component on the sedimenta- 
tion rate may be that because this material 
is a macromolecular substance (molecular 
weight approximately 50,000) it, like other 
macromolecular substances, accelerates the 
sedimentation rate. 7,8 

Since this mucoprotein component has 
little or no influence on the sedimentation 
rate, an investigation of the changes in the 
protein components of the serum following 
myocardial infarction would be of great 
interest. In this connection Shedlovsky and 
Scudder 9 have reported the electrophoretic 
findings in two cases of myocardial infarc- 
tion at one week and at six weeks after the 
onset of infarction. They found increases 
in the alpha globulin fraction/ 

When this study was begun, it was hoped 
that a substance specific for the breakdown 
of infarcted heart muscle could be found 
in the blood or urine. Serum mucoprotein 
is not a specific product of the death of 
cardiac muscle alone. Increases in the serum 
mucoprotein have been found in other 
conditions. For example, in this laboratory 
elevated serum mucoprotein levels were 
also obtained in postoperative patients and 
in patients with cancer and pneumonia. 
Earlier workers 10 have reported unusually 
high polypeptide* concentrations in the 

* The chemical methods employed by previous 
workers to measure serum polypeptide or proteose 
concentrations arc similar in principle to the mctboc 
employed in this study; hence, it is possible that t ic 
determinations of serum polypeptide, proteose an 
mucoprotein by the various authors are all determina- 
tions of essentially the same serum protein constituent. 
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blood as a result of acute hepatic insuffi- 
ciency, burns, trauma and cancer. Excretion 
of proteoses in the urine has been described 
in various allergic states. 11,12 Winzler and 
Burk confirmed and extended the observa- 
tions of earlier workers who found elevated 
serum proteose* levels in patients and 
animals with cancer. In studies on the rat 
they also found increased serum proteose 
levels in acute and chronic infections such 
as pneumonia, chronic cecitis, in advanced 
pregnancy and as a consequence of severe 
tissue injury or shock. Selye 13 mentions the 
increase in blood polypeptides as one of 
the changes found in the “alarm reaction.” 
All of these observations certainly point 
to the fact that the elevation of serum 
mucoprotein is a non-specific phenomenon 
which is the result of a variety of causes. 
However, there appears to be one common 
denominator present in every condition 
characterized by an increase in serum 
mucoprotein: a breakdown of tissue pro- 
teins. Selye emphasizes this viewpoint when 
he states that “the extensive protein break- 
down characteristic of the shock phase of 
the alarm reaction is probably the cause of 
the increase in polypeptides.” 

Although this study was undertaken with 
the view that serum mucoprotein was 
derived from the breakdown of tissue 
proteins, there is no direct proof as yet that 
this is true and there are other theories 14-16 
concerning the origin of this material: (1) 
failure of the liver to metabolize the normal 
amounts of mucoprotein formed, (2) failure 
of the kidney to excrete them normally and 
(3) degradation of plasma proteins. It is 
unlikely that a failure in liver function can 
account for the elevation in serum mueo- 
protein found in these and other studies 
because we have found very low serum 
mucoprotein values in patients with acute 
infectious hepatitis or with advanced Laen- 
pcc s cirrhosis. It is believed that renal 
insufficiency is not a factor in the elevation 
of serum mucoprotein inasmuch as we have 

0 tained normal values in two patients in 

1 ic terminal phase of uremia. At present 

* Sec footnote on page 742, 
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studies to determine the origin of serum 
mucoprotein are being conducted by 
Winzler. 2 

Further studies on the detection of other 
breakdown products of infarcted heart 
muscle which may be more specific are 
contemplated in this laboratory. At the 
present time this appears to be a fruitful 
field of endeavor. 

SUMMARY AND CONCLUSIONS 

1. In twenty-three patients with recent 
myocardial infarction, serum mucoprotein 
values were consistently found to exceed 
the normal range of 40 to 90 mg. per 100 ml. 
The actual rise above each patient’s pre- 
sumed normal value varied from 22 to 
160 mg. per 100 ml. 

2. A characteristic rise and fall of serum 
mucoprotein followed the clinical onset of 
symptoms. Serum mucoprotein was defi- 
nitely elevated by the third day after 
clinical indications of coronary occlusion 
with myocardial infarction were evident. 
The peak of the rise occurred on the sixth 
day and this elevation was usually main- 
tained for another week after which the 
serum mucoprotein gradually declined and 
approached normal values at the end of a 
month. 

3. Serum mucoprotein values in patients 
with chest pain due to causes other than 
myocardial infarction were within the 
normal range in cases including angina 
pectoris, paroxysmal tachycardia, neuro- 
circulatory asthenia, hypertension and fibro- 
sitis. No increase was found by single or 
serial determinations. 

4. In the present study no consistent 
relation was found between the sedimenta- 
tion rate and serum mucoprotein. In 
general, accelerated sedimentation rates 
persisted longer than elevated serum muco- 
protein following myocardial infarction. In 
several patients with angina pectoris and 
paroxysmal tachycardia the sedimentation 
rate was increased whereas the serum 
mucoprotein was normal. 

5. In vitro studies on the effect of added 
mucoprotein upon the sedimentation rate 
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of normal blood showed no marked acceler- 
ation until a concentration of proteose 
exceeding 400 mg. per 100 ml. was ob- 
tained, concentrations beyond the usual 
values in myocardial infarction. It is obvious 
then that other factors are responsible for 
development of the rapid sedimentation 
rate observed in myocardial infarction and 
that serum mucoprotein is not another 
measure of the sedimentation rate. 

6. In the cases reported in this study the 
increase in serum mucoprotein appeared to 
reflect more accurately than the sedimenta- 
tion rate or leukocyte count the presence or 
absence of myocardial necrosis. 

7. Although serum mucoprotein changes 
following myocardial infarction are not 
specific for this condition alone, determina- 
tion of serum mucoprotein may be useful 
as a diagnostic aid in evaluation of clinical 
syndromes caused by coronary artery disease. 

Acknowledgment. We are indebted to Dr. 
Richard Winzler for his valuable advice and 
cooperation in the performance of this study. 
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Clinical Value of Serum Polysaccharide 
Determinations by the Tryptophane- 
Perchloric Acid Reaction* 

Harold L. Israel, m.d., Marie B. Webster, m.d. f and Irene E. Maher, m.d. 

Philadelphia, Pennsylvania 


A lthough normal human serum is 
known to have a polysaccharide 
content equal to or greater than its 
glucose content, the polysaccharides, which 
are measured with difficulty, have not been 
completely identified. The polysaccharide 
concentrations in pathologic sera have 
been studied in a few instances in the past 
and elevated values were reported in pa- 
tients with carcinoma, 1 pneumonia 2 and 
other infections. 3 

Renewed interest in this subject has 
recently been stimulated by investigations 
in diverse fields. Seibert’s electrophoretic 
studies 4 in tuberculosis, Winzler’s polari- 
graphic studies 5 in carcinoma and Meyer’s 
studies 6 of hyaluronic acid have led these 
investigators to the study of glycoproteins 
and their carbohydrate components. 

The total polysaccharide of normal human 
serum has been found by Shetlar, Foster 
and Everett 7 and by Seibert 8 to range from 
80 to 130 mg. per cent. Seibert 9 has reported 
elevated polysaccharide levels in the sera of 
patients with advanced active tuberculosis 
and with carcinoma. Winzler, 10 studying 
mucoprotein concentrations, reported in- 
creased serum levels in patients with 
carcinoma and pneumonia while Prinz- 
metal et al. u found the concentration of 
Pioteoses (containing 25 per cent carbo- 
hydrate) increased in patients with acute 
myocardial infarction. 

In an attempt to distinguish tire poly- 
saccharides derived from a breakdown of 


nucleoproteins, which might more speci- 
fically reflect tissue destruction, Seibert 12 
adapted for use on serum the tryptophane- 
perchloric acid reaction which Cohen 13 had 
developed for detection of the carbohydrate 
of desoxyribonucleic acid. This test, which 
is simple enough for routine use in clinical 
laboratories, gave both in experimental 
rabbit tuberculosis 14 and in patients with 
tuberculosis, results which showed a highly 
significant correlation with extent and 
activity of the disease. Although the identity 
of the polysaccharides measured by the 
tryptophane-perchloric acid reaction re- 
mains uncertain, Seibert’s observations on 
the clinical value of application of this test 
in tuberculosis led to the present attempt 
to determine its value on a general hospital 
service. A survey of representative patients 
has been made and the results of trypto- 
phane-perchloric acid tests have been cor- 
related with clinical, pathologic and other 
laboratory findings, with special interest in 
ascertaining whether serum polysaccharide 
determinations provided information of 
clinical value greater than that obtainable 
with the sedimentation rate and with 
routine serum protein studies. 

MATERIAL AND METHODS 

Determinations were made on 102 speci- 
mens from ninety patients and six healthy 
controls. Patients were selected from the 
wards of the Woman’s Medical College 
Hospital, the Philadelphia General Hos- 


I'rotn the Department of Medicine, The Woman’s Medical College of Pennsylvania and the Philadelphia 
General Hospital, Philadelphia, Pa. 

T Now at The University Hospital, Madison, Wisconsin. 
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pital and the Philadelphia Hospital for 
Contagious Diseases in an attempt to 
encompass a variety of disorders. Samples 
of blood (6 to 8 cc.) were obtained, not 
under fasting conditions, centrifuged and 
the serum obtained and placed in a deep 
freeze unit. Ten sera, each in triplicate, were 


units with a mean of 60 ± 12.9 units. 
Combining these control groups gives a 
mean of 58 ± 12.4 Klett units. Values 
within two standard deviations of this 
mean, that is values less than 83 units, 
have been considered in this study to fall 
within the normal range. 


Table i 

SERUM POLYSACCHARirES, SEDIMFNTATION RATES AND SERUM PPOTEINS 


Diagnosis 

No. of 
Patients 

Scrum 

Polysaccharides 
(Klett units) 
(mean) 

Sedimentation | 
Rate 
(mean) 

Serum 

Albumin 

(mean) 

Serum 

Globulin 

(mean) 

Neoplasms 

10 

103.5 ± 32.3 

51 .0 ± 5.5 

3.6 ±1.4 

3.1 ± 1.1 

Chronic infections 

14 

103.5 ± 26.8 

33.6 ± 23.7 

4.1 ± 1.8 

2.3 ± 0.7 

Hyperthyroidism 

4 

97.2 ± 15.8 ! 

45.0 ± 14.8 

4.3 ± 2.2 

2.2 ± 0.4 

Cardiovascular disease 

14 

92.2 ±23.2 

35.7 ± 18.5 

3.8 ± 1.6 

2.6 ± 0.7 

Rheumatic fever 

5 

80.0 ± 18.2 

31.0 ± 26.8 

4.9 ± 2.1 

2.7 ± 0.5 

Hepatic disease 

7 

79.6 ± 26.6 

44.7 ± 9.5 

3.3 ± 1.2 

3.2 ± 0.3 

Acute infections 

15 

79.0 ± 22.7 

39.4 ± 18.7 

4.0 ± 1.5 

2.5 ± 0.4 

Miscellaneous disorders 

14 

77.0 ± 16.2 

35.0 ± 17.4 

3.9 ± 1.9 

2.2 ± 0.3 

Pregnancy 

7 

64.6 ± 10.6 

49.0 ± 5.0 



Normal subjects 

6 

47.3 ± 6.2 

13.1 ± 5.6 




run at one time according to Seibert’s 
modification 12 of Cohen’s method. The 
mean of the three values was recorded as 
the final result. Because of doubt as to the 
nature of the polysaccharides measured, 
conversion to more specific terms has not 
been attempted and results are expressed in 
Klett units, as suggested by Seibert. 

Simultaneous oxalated specimens of blood 
were obtained for sedimentation rate de- 
terminations by the Wintrobe method, 
which were performed within three hours 
of collection. Correction for anemia was not 
made. Serum albumin and globulin de- 
terminations were performed by the clinical 
laboratories of the hospitals, employing the 
method of Kingsley. 15 

RESULTS 

A group of six healthy controls gave 
polysaccharide levels by the tryptophane- 
perchloric acid reaction ranging from 41 to 
57 Klett units with a mean of 47.3 ± 6.2 
units. (Table x.) Seibert 12 found among 
thirty normal persons a range from 32 to 79 


In a group of seven obsteti'ic patients, 
thi'ee antepartum and four immediately 
postpartum, six had values x'anging from 
55 to 70; the seventh had a level of 87 Klett 
units. In all of the obstetric patients the 
sedimentation x'ate was exti'emely rapid. 
Among the eighty-three patients with a 
variety of diseases of varying severity fifty- 
one had levels of 83 Klett units or more and 
thirty-three had levels below this value. 
High values were obtained (Table 1 ) in 
patients with chronic infections, neoplasms, 
hyperthyroidism and cardiovascular disease. 
Less marked elevation was noted in patients 
with rheumatic fever, hepatic disease, acute 
infections and in a miscellaneous group 
including patients with gastrointestinal, 
hematologic, genito-urinary and dermato- 
logic disorders. 

Figure 1 indicates the lack of significant 
correlation between the serum polysac- 
charide levels and the sedimentation rate 
determinations. Similar analyses show ab- 
sence of coiTelation between the polysac- 
charide levels and serum albumin, serum 
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Fig. 1 . Serum polysaccharides and the sedimentation rate (Wintrobe), mm. per 
hour uncorrected. 


globulin and hemoglobin concentrations 
and leukocyte counts. 

Neoplasms. Ten patients with histologic 
diagnoses of neoplasm were studied, three 
patients with carcinoma of the gastro- 
intestinal tract, one of the bladder, one of 
the cervix and one of the larynx, as well as 
three patients with lymphoblastoma and 
one with neurofibroblastoma. Seven showed 
elevated polysaccharide values with the 
highest values, 141, 146 and 157, in the 
patients with gastrointestinal carcinoma. 
Three patients, two with carcinoma and 
one with lymphoblastoma, had values below 
70. Sedimentation rates were rapid in all 
instances except in the patient with lympho- 
lastoma and with normal polysaccharide 
level. Serum protein studies revealed in 
most patients of this group depressed al- 
umin levels and increased globulin levels, 
t o correlation between these changes and 
t lose in polysaccharide content was noted. 

Chronic Injections. Abnormal Klett values 
tanging from 84 to 144 were observed in 
ten °f fourteen patients with chronic infec- 
tions. Patients with amebic hepatic abscess, 
c ironic pulmonary abscess and meningo- 
' a ^ c olar syphilis, respectively, had elevated 
P° Y sac charide levels with normal sedi- 
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mentation rate. Patients with active mini- 
mal tuberculosis and rheumatoid arthritis 
had normal polysaccharide levels and an 
abnormal sedimentation rate. Patients with 
rheumatoid arthritis, pyelonephritis, bron- 
chiectasis, lung abscess, meningovascular 
syphilis and ulcerative colitis had increased 
polysaccharides and abnormal sedimenta- 
tion rates. 

Hyperthyroidism. Three patients with dif- 
fuse hyperthyroidism and one with a toxic 
adenoma of the thyroid were studied. All 
had elevated polysaccharide levels, ranging 
from 83 to 121 Klett units, and in all in- 
stances the sedimentation rate was ab- 
normally rapid and the serum protein 
fractions normal. 

Cardiovascular Disease. Of fourteen pa- 
tients with cardiovascular disease ten had 
elevated polysaccharide levels. The four 
patients with malignant hypertension and 
the three with acute myocardial infarctions 
showed elevated polysaccharide levels, as 
did patients with decompensated rheu- 
matic heart disease and two patients with 
pulmonary infarction. Normal values were 
observed in patients with hypertensive 
heart disease, benign hypertension, inactive 
rheumatic heart disease and syphilitic 
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heart disease with congestive failure. In 
this group sedimentation rate findings tended 
to parallel those of the polysaccharides. 

Rheumatic Fever. Five patients with clini- 
cally active rheumatic fever were studied. 
Moderate elevation of the polysaccharide 
level was noted in four of the five patients 
in this group. 

Hepatic Disease. Two patients with cir- 
rhosis and one with infectious hepatitis had 
polysaccharide levels ranging from 83 to 
130 Klett units and three patients with 
cirrhosis and one with homologous serum 
hepatitis had normal levels. In this group 
there was a notable lack of correlation 
between sedimentation rate and polysac- 
charide findings: the three patients with 
low polysaccharide levels had rapid sedi- 
mentation rates. Four of the five patients 
with cirrhosis had a characteristic in- 
crease in globulin and decrease in albumin 
concentration. 

Acute Infections. Elevated polysaccharide 
levels were found in only eight of fifteen 
patients with acute infections. Patients with 
meningococcic meningitis. Streptococcus 
viridans endocarditis under treatment, hem- 
olytic influenzae pneumonia, mumps and 
rubeola showed normal levels ranging from 
48 to 74, while patients with pneumococcal 
pneumonia and meningitis, scarlet fever, 
rubeola, Friedlander’s pneumonia and ty- 
phoid fever showed values ranging from 89 
to 115. In this group the sedimentation rate 
was usually increased out of proportion to 
the polysaccharide elevation; in no instance 
in this group of patients was the sedimenta- 
tion rate normal in the presence of abnormal 
polysaccharide levels. 

Miscellaneous Diseases. In this group, 
which includes patients with hematologic, 
gastrointestinal, genito-urinary and derma- 
tologic disorders as well as several instances 
of minor illnesses in which a definite diag- 
nosis was not established, elevation of the 
polysaccharides was infrequent: only five 
of fourteen patients had abnormal values. 
Six of the nine patients with low polysac- 
charide levels had elevated sedimentation 
rates. 


COMMENTS 

Although the tryptophane-perchloric acid 
reaction was employed by Seibert originally 
to detect desoxyribonucleic acid, subsequent 
investigation revealed that the carbohydrate 
measured by this test in normal and 
pathologic sera was not a single substance. 
Detailed analysis 12 suggested that the poly- 
saccharide measured might be a mixture 
of desoxyribonucleic and ribonucleic acids 
and their derivatives, a fructose complex, 
or even a carbohydrate-protein complex 
similar to the mucoprotein under investiga- 
tion by Winzler. An important advantage of 
this test over those used for determination of 
total serum polysaccharide content is its 
ease of performance which permits its use 
as a routine procedure in general hospital 
laboratories. Seibert 1, 12 found elevated poly- 
saccharide concentrations to be correlated 
with increases of alpha-2 globulin in the 
sera of patients with tuberculosis and 
carcinoma. Whether the increased poly- 
saccharides observed in the sera of patients 
in this study with neoplasms, chronic infec- 
tions, hyperthyroidism and cardiovascular 
disease are related to increases in alpha-2 
globulin is not known, since electrophoretic 
analyses were not available. No correlation 
was observed between the polysaccharide 
content of sera and the albumin and globu- 
lin concentrations as measured by ordinary 
clinical laboratory methods. 

Special interest exists in comparison of 
the tryptophane-perchloric acid reaction 
with the sedimentation rate, which has 
found a wide field of usefulness because of 
its simplicity. The sedimentation rate has 
become firmly established as a valuable ai 
in the study of arthritis, tuberculosis and 
in general medicine, even though the 
mechanism underlying acceleration of ery- 
throcyte sedimentation is not definitely 
known. Gutman 16 has recently reviewed 
the conflicting evidence concerning the 
relation of sedimentation and serum protein 
alterations and has concluded that an 
increase in fibrinogen content of scrum 
plays a major role and increases in alpha, 
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beta and gamma globulins play a lesser 
role in accelerating sedimentation of ery- 
throcytes; a decrease in serum albumin 
enhances the rate of sedimentation. Meyer 17 
has suggested that accelerated sedimenta- 
tion may be due to increased amounts of 
glycoproteins in the serum and has demon- 
strated that the addition to serum of 
hyaluronic acid, a mucopolysaccharide, 
markedly increases the rate of sedimenta- 
tion. In the clinical material studied in the 
present investigation, however, sera with 
high polysaccharide content as shown by 
the tryptophane-perchloric acid reaction 
often did not exhibit rapid sedimentation 
rates. Conversely, patients with extremely 
rapid sedimentation rates, e.g., in preg- 
nancy, frequently showed low polysac- 
charide levels. Gutman 16 has pointed out 
that different protein changes may be 
responsible for the rapid sedimentation 
rates of acute infections and those of chronic 
infections. The observations in the present 
report indicate that serum polysaccharide 
determinations may have clinical value in 
the differentiation of acute and chronic 
infections. 

The sedimentation rate is of limited value 
in obstetric practice because rapid sedi- 
mentation is almost invariably present 
during pregnancy and the postpartum 
period; the serum polysaccharides are 
apparently rarely elevated in uncompli- 
cated pregnancy and their determination 
may prove useful in the detection of inter- 
current diseases. 

The sedimentation rate is used fre- 
quently as a means of excluding serious 
disease. For this purpose the tryptophane- 
perchloric acid reaction appears to be a 
valuable corroborative test. Patients in the 
present study with normal sedimentation 
rates and normal serum polysaccharide 
evels rarely proved to have a serious 
disease. 

' SUMMARY 

1 • Seibert’s modification of the trypto- 
p lane-perchloric acid reaction has been 
employed to determine serum polysac- 
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charide levels in a survey of general hospital 
patients. 

2. Elevation of the serum polysaccharides 
was most marked and frequent in patients 
with neoplasms, chronic infections, hyper- 
thyroidism and cardiovascular diseases. 
Abnormal values were less often observed 
in patients with acute infections, hepatic 
disease, rheumatic fever and miscellaneous 
disorders. Normal values were the rule in 
pregnancy. 

3. Serum polysaccharide elevation ap- 
pears to reflect biochemical changes dif- 
ferent from those measured by sedimenta- 
tion rate and other routine laboratory 
studies. 
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What Gan We Learn from a Medical History?* 

Carl Binger, m.d. f 
New York , New York 


E xperience teaches most of us that 
time spent in obtaining a careful 
medical history is time well spent 
and will save wasted motions later. What 
we actually can learn will depend, of 
course, on our skill and on the patient’s 
willingness and capacity to cooperate with 
us. Although I shall discuss both of these 
topics later, it will be more appropriate to 
consider first what we should aim at when 
taking a medical history. 

Naturally this will depend on our pur- 
pose. As I understand it the purpose of 
taking a medical history is to record a series 
of events that have culminated in the illness 
or disorder for which the patient has con- 
sulted us. It is assumed that from such 
a record we shall get some understanding 
of the sick person and of his ailment and, 
furthermore, that others trained in medicine 
will derive a similar understanding from 
reading the history that we have written 
down. 

No medical history, however, can repro- 
duce accurately what occurs in nature. It 
is at best a kind of stylized symbolic repre- 
sentation of certain human experiences in 
much the same way that a map is a stylized 
symbolic representation of a landscape. 
The value of a good map will depend upon 
the accuracy of its scale and upon the 
picturing of the relationship of certain 
important land masses, contours, bodies of 
water, as well as certain man-made struc- 
tures such as railroads and large settle- 
ments. With the aid of such a map, we can 
find our way around in strange country, 
hut if the map depicts every culvert, duck 
pond and hot dog stand and leaves out 


mountain ranges and navigable rivers, we' 
will soon go astray if we rely upon it. Just 
so a good medical history will portray in the 
dimension of time, rather than space, the 
influences, past and present, that are 
important in the development of the patient 
and his disorder. You may justifiably catch 
me up on the word important. There is no 
question about the importance of a moun- 
tain range or a navigable river but who is to 
say what is important in the record of a 
patient’s life. If we depend wholly on his 
judgment, then of what use is our medical 
knowledge; and if we depend wholly on our 
own preconceived notions, then we will 
arrive at a kind of standardized history 
which includes everything and tells us 
nothing. 

When I was an intern, we were taught 
to take just such histories. We would 
approach a patient and after recording his 
complaint (this we were taught to put down 
strictly in the patient’s own words, an 
excellent habit to which 1 have always 
clung) we would write the letters, F. H., for 
family history. That was quickly disposed of 
with: The patient’s F. was I. and w. but his 
M. had unfortunately d. of typhoid fever. 
A number of S’s and B’s were usually 1. 
and w. or a couple might have d’d in 
infancy. And then the ritual was to say 
that the F. H. was otherwise “non-con- 
tributory” (a truly fabulous misconception !) 
and that there was no tuberculosis (later 
we added “or known exposure”) or malig- 
nant disease in the family. We would then 
go on to the P. H. No illness or accident 
would escape us. We were as persistent as a 
cigar-smoking detective in a movie melo- 
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drama and about as subtle. I recall asking a 
young woman about her weight. What was 
her present weight, her weight last year 
and her heaviest weight? When I asked her 
what her lightest weight was and she said 
“5K pounds”! I began to get the notion 
that perhaps I was boring her by the third 
degree method. 

I recall the chief attending physician, a 
sober and pedestrian man, asking a little 
boy of eight whether the pain in his groin 
radiated to his penis and testicles. The child 
looked up bewildered and said: “What’s 
them”? 

Then with a- rumble of drums came the 
last and final act of the circus, the P. I. 
This was a new event, a thing in itself, a 
calamity, a misfortune, an act of God like 
a hurricane or an earthquake. It had little 
to do with past events and less with what 
today we call the personality. Our histories 
were nothing if not complete. They covered 
pages of carefully written foolscap. The 
greatest sin was the sin of omission. And 
they bore about as much resemblance to 
the true story of the patient’s life as a 
Mercator projection does to the contours of 
the earth’s surface. 

During World War x I was for a time put 
in charge of a large medical ward in a Base 
Hospital in France. Although I was only a 
First Lieutenant, casual officers outranking 
me by several grades were assigned to this 
ward for instruction in physical diagnosis. 
One of them had the habit of turning in 
long and rambling medical histories that 
stretched out interminably and arrived 
nowhere. I urged this officer as tactfully as 
I could to stick to the essentials. The next 
history that he wrote up was a short one. 
It said: 

Complaint: Abdominal pain 

Past history: Kicked by a steer 

Diagnosis: Tonsillitis. 

This has always seemed to me a paradigm 
of the nonsequitur and an excellent cari- 
cature of many medical histories today. For 
the method I have just been describing is by 
no means as quaint and antiquated as I have 
made it sound. It is the current method in 


most general hospitals and in many private 
offices although in some, history taking is 
but a scanty business or is turned over to an 
office nurse who at the same time sizes up 
the patient’s probable income. 

Pei'haps in only a few places has psy- 
chiatry made its inroads on the medical 
curriculum and modified this traditional 
way of taking histories. This is psychiatry’s 
greatest contribution to clinical medicine, 
the introduction of what 1 have called 
elsewhere, scientific biography. 

There is no doubt that a new type of 
medical history is being developed although 
as yet it has not been formulated and in 
only a few medical schools, to my knowl- 
edge, is it being deliberately taught. If such 
a change is occurring, it is, as I have said, 
largely due to • the influence of modern 
dynamic psychiatry. But there are other 
reasons as well that have contributed to it. 

The establishment of the germ theory of 
disease in the latter part of the last century 
set the pattern for much of the investigative 
work of the following half century. Koch’s 
laws became the Magna Charta of medical 
research. To isolate a germ and to prove its 
specific pathogenicity, this was the greatest 
scientific achievement. And why not? When 
one considers the triumphs and blessings 
that have resulted from such studies, it was 
natural that this type of thinking should 
have dominated clinical medicine and that 
in large measure it still does. The successes 
that were achieved have, as is well known, 
reduced the incidence of infectious diseases 
and brought into relative prominence the 
degenerative diseases and stress reactions. 
To these conditions such simple unitary 
etiologic thinking, as exemplified by Koch s 
laws, seems far less applicable. We are no 
longer dealing with such invariable rela- 
tionships as might be expressed in the 
statement: A acting on B produces C. 
Illness is not always the immutable effect 
of some one cause but rather the outcome 
of a process of development in which 
innumerable factors play a role. We have 
had to develop new theories and concepts 
of disease and also new methods of study. 
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Our aim in taking a medical history is 
no longer simply to find an etiologic agent 
and then to devise means of exorcising it. 
It is rather to discover what kind of indi- 
vidual we are dealing with, what are his 
strengths and weaknesses, his assets and 
liabilities, what his patterned reactions are 
under stress and in what respects do the 
bodily defenses, which he mobilizes, them- 
selves turn into malign and damaging 
forces? 

Harold Wolff 1 has put this well when he 
says that although man’s protective activi- 
ties may be life-saving if they are used in 
emergencies to destroy the forces that 
threaten him, the same protective activities 
when used as life-long patterns may damage 
the very structures they were devised to 
protect. 

Perhaps Shakespeare had a similar prin- 
ciple in mind when he had Hamlet say: 
“Find out the cause of this effect, 

Or rather say, the cause of this defect, 

For this effect defective comes by cause.” 

Since in the modern world we are con- 
stantly being confronted by new and 
changing environmental situations and since 
the human organism has only a limited 
number of ways in which it can respond to 
these changes, it is clear that much of 
clinical medicine will be concerned with 
the problem of homeostasis. How does the 
organism strive to maintain a steady state, 
both psychologically and physiologically? 
Are its efforts effective and efficient? This 
is the general line of inquiry that a modern 
medical history must pursue. To do so the 
form of the history has to be greatly revised. 
We pretty much have had to give up the 
question and answer game which some 
years ago led us so securely, at least so we 
thought, to our goal. 

A wise physician today will recognize 
that in a great many instances he cannot 
possibly know just what questions to ask 
and, furthermore, even if he did, the patient 
could not answer them. Obtaining a 
tticdical history has become primarily a 
personal voyage of discovery into unknown 
territory. Physician and patient are joined 
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in a common enterprise to uncover certain 
facts. Often the patient is a laggard and 
will resist progress and as often the physi- 
cian, because of his own emotional blind- 
ness, will not be able to see or understand 
what is before him. 

This is true of a medical history as well 
as of a psychiatric one. In my opinion there 
is not much difference between them except 
that imposed by time and by the emphasis 
of the immediate complaint. Since the 
medical history has become, or should 
become, more fluid and more elastic at 
once, no form or syllabus will really suffice, 
no printed list of queries against which one 
places check marks. These may have their 
value when one is engaged in a specific 
research project and is trying to get answers 
to certain set questions. Or again, printed 
forms may have their uses in dealing with 
large numbers of patients when saving of 
time and medical personnel is of moment. 
But, important as they may be, I am not 
concerned with them now but rather with 
how this new method of history taking can 
be described, formulated and taught. 

Let us begin at the beginning. In spite 
of all our protestations about “the patient 
as a person” the young medical student 
still looks upon him as a case of this or that. 
If he does, it is our fault because we still 
believe in a kind of Platonic abstraction 
called disease as if it existed outside the body 
of the sufferer. The conventional and 
jejune introduction to most medical his- 
tories states that: “The patient is a white 
male sitting comfortably in bed.” The 
student seldom knows the patient’s name 
and if he does the national origin of the 
name means little to him. Actually it makes 
a great deal of difference whether the 
patient is called Mr. Feitelbaum, Mr. 
Finnegan or Mr. Ford. As 1 look over some 
of my own records I find such unconven- 
tional statements as Miss Smith looks like 
“a languid lily,” “Mr. Jones looks like a 
snapping turtle with a gold watch chain,” 
or again, “Mr. T. is an artist of Finnish 
origin but with a Yankee accent. He looks 
like a pink-cheeked beer barrel.” You mav 
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protest that these are unscientific state- 
ments, that they introduce a subjective 
element which colors the material. But 
do not be deceived, it is quite impossible 
to keep out one’s subjective judgments and 
opinions and it is no more scientifically 
accurate to describe the patient as though 
he were a puppet or a manikin. 

It would be a great benefit to medical 
students if we could teach them the art of 
history taking in medical out-patient de- 
partments and not on the wards. A bank * 
teller or the corner grocer’s wife cease to be 
themselves when we rob them of their 
usual plumage and put them into hospital 
night clothes. Furthermore, they are differ- 
ent people when sitting opposite us in a 
chair from what they are when “lying 
comfortably” in a hospital bed. The very 
fact that a hospital bed is so strangely tidy 
and high from the ground makes them 
different from what they would be in their 
own birds-eye maple or golden oak Grand 
Rapids variety. 

What the student should see as clearly 
as he can, is the patient’s persona , i.e., what 
front does he present to the world? If he 
knows the patient’s name and calls him by 
name, he will naturally get a more accurate 
picture of him because the patient will 
respond in a less guarded way. The student 
should then shake hands with the patient. 
This is not only a civil thing to do but much 
can be learned from a handshake. Does the 
patient present the tips of his fingers only 
in an uncertain and limp way? Is he a bone 
crusher? Are the hands wet, cold and 
tremulous? Does the handgrasp cling lov- 
ingly as it does in many alcoholics? Or 
cannot the patient release his grasp as was 
true of a patient I saw who was afflicted 
with muscular dystrophy with pronounced 
weakness of the extensor muscles? 

Having established this contact, the 
student should be taught to exhibit some 
interest in the patient’s welfare. It does not 
make much sense to approach a sufferer 
with a gastric ulcer and ask him right off 
the bat whether he was a breast baby or a 
bottle baby even if this fact is important to 


ascertain. The patient should be encouraged 
to talk about the here and now, about what 
ails him. Why has he come to the hospital 
or come to consult the physician? Many 
present day patients think that they are 
helping us most by giving a kind of prepared 
historical review of their lives, beginning 
with their parents unhappy marriage and 
how they were jealous of their younger 
sisters. A colored cook recently said to me: 
“I have a terrible pain in the back but 1 
know it’s all due to my inferiority complex.” 

The physician must go along with such 
comments but gradually lead his patient to 
talk about what ails him. It is far better to 
proceed from the present backward al- 
though in the final write-up the history may 
be presented in reverse order. We must pay 
strict attention to how the patient behaves 
during the interview, to the language he 
uses, to his attitude toward his symptoms 
and to the anxiety with which they are 
associated. We must keep our ears cocked 
for what has been called “body language.” 
What is the body trying to say that the 
patient cannot say? 

During the course of such an examination 
we can include, without the patient’s ever 
knowing it, some of the usual psychologic 
tests for memory, symbolization, logical 
faculty and general intelligence. We do not 
need to have the patient say “methodist 
episcopal” in order to spot a dysarthria. 
We must above all get some knowledge 
of prevailing moods and suppressed emo- 
tions which may express themselves 
physiologically. 

As I said at the beginning what we are 
aiming at in taking a history is a knowledge 
of the person as well as of his illness because 
in most instances, perhaps in all, they arc 
inextricably related. The method of what 
has been called “associative anamnesis - is 
a useful one. The patient is encouraged to 
talk freely. We interrupt him to guide him 
into productive channels, not by inter- 
posing new questions but by picking up one 
of his own statements and modifying it just 
enough to rephrase it into a query , that 
will serve as a new point of departure. From 
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the mass of material so obtained we try to 
reconstruct a life history. We draw a map 
to help us find our way, but we must never 
forget that the map making is a combined 
enterprise of patient and physician. It is for 
this reason, not for sentimental ones, that 
the physician-patient relationship is the 
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basis both of history taking and of subse- 
quent therapy. 
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Fluorocardiography (Electrokymography 4 ) 

Aldo A. Luisada, m.d. and Felix G. Fleischner, m.d. 

Boston , Massachusetts 


T he clinical importance of obtaining 
accurate records of volume changes 
and motions of the cardiac chambers 
and the large vessels is self-evident. Many 
clinical problems in the field of cardiology 
have been successfully studied by graphic 
methods such as cardiography, sphygmo- 
graphy, phlebography and esophagocardio- 
graphy. However, these methods permit 
but indirect conclusions as to the heart 
action and are limited in their scope and 
accuracy. Roentgenologic visualization of 
the cardiovascular silhouette offered a new 
approach to more direct records. Roent- 
genocinematography would be a desirable 
method for this purpose but is too cumber- 
some and expensive for general use and 
has been supplanted by roentgenkymo- 
graphy, 1-9 a method screening out one or 
several points of the cardiac silhouette by a 
slitted diaphragm and moving a film in a 
direction perpendicular to the slits. The 
tracings so obtained record the movements 
of these particular ’’points of the heart 
silhouette. 

Roentgenkymography was received with 
great expectations but its physiologic and 
technical limitations were soon recognized. 
The inherent physiologic limitation is due 
largely to the fact that the visible motion 
of the heart is a composite of changes in 
volume and changes due to motion of the 
heart as a whole. Attempts have been made to 
overcome the technical limitations of roent- 
genkymography which consist of limited 
speed and recording time, lack of detail and 
distortion of the recorded waves. With the 
advent of light-sensitive electronic tubes, 
these served as immobile receptors for the 
moving x-ray films. 


THE APPARATUS 

The first apparatus of this kind for 
practical use was developed by Henny and 
Boone who called their method electro- 
kymography (1945), 23 followed by Lian and 
Minot (radioelectrokymography, 1946), 20 
Marchal (kinedensigraphy, 1946) 21 and 
Luisada, Fleischner and Rappaport (fluoro- 
cardiography, 1947). 31-33 These various ap- 
paratus and technics are based on a common 
principle although they are different in 
structural details, sensitivity and accuracy. 

The arrangement used by Luisada, Flei- 
schner and Rappaport 32 consists of: (1) 
fluoroscope; (2) pick-up device attached 
to a fluoroscopic screen made up of a 
photo-multiplier tube (RCA-931-A) pro- 
vided with a slitted diaphragm and a small 
fluoroscopic screen (Patterson B); (3) elec- 
trical arrangement to transform the incom- 
ing commercial current into direct current 
of staggered voltages, and a device for 
rapid change of degree of amplification; 
(4) electric filter suppressing the flicker 
from the x-ray tube; (5) galvanometer 
transcribing the tracing to a moving film, 
and (6) microphone to be connected with 
a sound recorder (of the “stethocardiette 
or a similar apparatus). (Fig. 1.) 

Any upright fluoroscopic stand can be 
used for the seated patient; for very sick 
patients a horizontal fluoroscopic table is 
necessary. Any of the commercial tilt-tables 
can be used for both purposes. An x-ray 
machine with full-wave rectification is 
preferable because it is easier to suppress 
the 120-cycle ripple by filterage. Machines 
with half-wave rectification can also be 
used with a special filter for the 60-cycle 
ripple. 


rom the Departments of Radiology and Medicine, Beth Israel Hospital, Boston, Mass. 
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Fro. 1. Arrangement of the apparatus for fluorocardiography. (1) Pick-up unit behind the fluoro- 
scopic screen; (2) box with regulating panel; (3) electrophonocardiograph. The patient is shown in 
the lateral position for recording the right ventricular tracing. (4) The microphone, placed on the 
precordial area, records the heart sounds. 


The regulating devices described in (3) 
and ( 4 ) are built into a small portable box, 
8 by 12 by 5)4 inches. Any commercial 
electrocardiograph can be used. Since the 
authors apply the heart sounds as time 
reference, a “stethocardiette” (or similar 
apparatus) has been used as the recording 
machine. From the above description it is 
clear that most of the necessary equipment 
J s a ^cady available in practically every 
mspital and in many private laboratories. 

be additional new equipment consists of 
the pick-up and regulating units, two small 
portable pieces of low cost. 

While the classical roentgenkymograph 
Registers the pulsating shadow directly on 
t re film, in this new apparatus the pulsating 
o ranges of light energy, proportionate to 
f pokating movements, are transformed 
into a pulsating electric current to be 
jccorded by a standard electrocardiograph, 
ns basic principle implies the possibility 
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of using the same device for measurements 
of changes of density as a densograph; when 
the slit is placed over the center of an 
opaque object, the changes of opacity of 
the latter will be picked up and recorded. 

The polarity of the apparatus is so 
arranged that an increase in light causes a 
downward movement of the tracing. There- 
fore, any drop of the curve indicates either 
an inward motion of the cardiac border (if 
the slit is across the border of the cardiac 
silhouette) or a decrease in the thickness 
of the structure (if the slit is over an homo- 
geneous area, recording a densogram), both 
as a result of contraction. Any wave occur- 
ring before the first large vibration of the 
first sound is presystolic; any wave occur- 
ring after the last vibration of the second 
sound in diastolic; any wave taking place 
between the beginning of the first sound 
and the end of the second is systolic. 

Fluorocardiography would appear to 
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have the following advantages over roent- 
genkymography: (1) The slit can be applied 
perpendicularly to the section of the contour 
to be studied and choice of place is possible 
under fluoroscopic control. This is extremely 
important in the oblique positions and has 
a special value in the postero-anterior 
position of the patient. (2) The speed of the 
fluorocardiographic film is much greater 
and this causes an apparent spreading of 
the different waves. Magnification of the 
height of the waves can be regulated at will. 
These two facts permit better individualiza- 
tion and study of the details. Furthermore, 
fluorocardiographic tracings record as many 
cycles as desired, another fact which 
facilitates study. (3) The timing of the 
waves is obtained in a simple and accurate 
way by comparing the tracing with a phono- 
cardiogram simultaneously recorded. 32 ' 33 
(Chamberlain, Henny and Boone 23 ' 24 time 
their tracings by simultaneous records of 
the carotid pulse, while Lian and Minot 20 
prefer the electrocardiogram as a time 
reference.) (4) Fluorocardiography permits 
accurate study of the auricles, ventricles 
and large vessels in the oblique and lateral 
positions. (5) Fluorocardiography, through 
magnification, permits accurate study of 
changes in opacity of various organs (denso- 
grams) thereby permitting the study of “ple- 
thysmograms” of organs like the branches 
of the pulmonary arteries (hilar vessels), 
pulmonary veins and pulmonary paren- 
chyma which could not be studied by 
roentgenkymography. 

The procedure is performed by a two- 
man team, the fluoroscopist and the electro- 
cardiologist, The “stethocardiette,” elec- 
trical unit and pick-up device being 
assembled and the wire connection attached, 
the patient is seated on a rotating stool 
in front of the fluoroscope. An elastic strap 
is slung around his chest to hold the 
microphone which is placed over the center 
of the precordium in such a way as not to 
overlap the cardiac borders. Transmission 
of the heart sounds is checked with the 
audiophone. The patient is then instructed 
how to hold his breath in a medium posi- 


tion. The room is darkened as for any 
routine fluoroscopy, a screened pilot light 
illuminating the panel of the regulating 
unit and the electrocardiograph. With the 
patient in the postero-anterior position, the 
pick-up device is placed under fluoroscopic 
control in the region of the cardiac apex, 
the translucent slit being perpendicular to 
and crossing that part of the silhouette to 
be studied. With the slit in place and the 
fluoroscope in operation, the electrocardi- 
ologist regulates the amplitude of the 
deflections, then asks the patient to hold 
his breath and starts the electrocardio- 
graphic camera under constant observation 
and control of the light beam. After having 
obtained a good tracing of several heart 
cycles the operation is interrupted, the 
pick-up device moved to the next place 
desired and the same procedure repeated. 
Notes of the position of the patient, of that 
of the pick-up and of the degree of amplifi- 
cation used are made for every tracing. 

A special electrical filter has been adopted 
for the simultaneous recording of electro- 
and phonocardiograms together with the 
fluorocardiogram in particular cases. 

Several standard positions for the slit 
have been studied with the patient in both 
sitting and recumbent positions : 33,35 (1) 
Patient in postero-anterior position (Fig. 2): 
Apex, mid-left ventricle and high left 
ventricle; pulmonary knob; aortic knob; 
high and low right auricle; pulmonary veins 
(densogram); right and left hilar shadows 
(densograms) ; high, middle and low right 
and left lung fields (densograms). (2) 
Patient in 10 degree left oblique: Left auricular 
appendage; ascending aorta. (3) Patient in 
45 to 60 degree left obliques: Left auricle; 
descending aorta (densogram); high, middle 
and low posterior ventricular border (left 
ventricle). (4) Patient in 45 degree right 
oblique: Left auricle; superior vena cava; 
inferior vena cava (in deep inspiration), 
upper border of diaphragm (liver tracing), 
high, middle and low anterior ventricular 
border (left ventricle). (5) Lateral positions 
(left lateral is preferred): Anterior ven- 
tricular border (right ventricle). 
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In most studies the fluorocardiograms 
were recorded during voluntary apnea in 
an intermediate phase because comparative 
observations had shown that the pulsations 
of the lung (and, =• to ' a lesser extent, those 
of the hilar, shadows. and- the pulmonary 


coarser than any of the waves due to cardiac 
action. A suitable condenser introduced 
between the fluorocardiograph and the 
recording galvanometer is sufficient to 
modify the time constant of the apparatus. 
The smaller the condenser the lesser is the 
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Fig. 2. Scheme of normal tracings recorded in the postero-anterior position. 


artery) were greater in inspiration than in 
expiration. A few words of instruction 
usually suffice in teaching the patients to 
hold their breath without excessively in- 
flating or deflating their lungs. By using this 
procedure, however, it was difficult to 
obtain reliable tracings in children and in 
patients with chronic diseases of the lungs, 
who were unable to control their respiration 
because of either age or dyspnea. This 
difficulty was overcome by the following 
technical means . 42 Wandering of the base 
hue caused by respiration may be con- 
siderably reduced by altering the electrical 
time constant of the apparatus. When this 
constant is shortened, there is a propor- 
tionally greater attenuation of the coarse 
waves as compared ,to the more rapid. 
Respiration is represented in the ffuoro- 
cardiogram by extremely slow waves, far 
June, 1949 


electrical constant. Various size condensers, 
which may be selected by means of a 
switch, permit the operator to obtain the 
optimum time constant, namely, a value 
which produces a fluorocardiogram that 
does not wander off the paper. 

The reduction of the electrical time con- 
stant of the apparatus does introduce a 
certain degree of error in the fluorocardio- 
gram which is dependent upon the amount 
of reduction. The error presents itself in 
two forms: one is a slight error in the phase 
(or actual time) of registration of the 
component waves; the other is a slight 
change in the configuration. However, no 
elimination of the component waves which 
would - be present under normal operating 
conditions was observed. 

Using the above described filter com- 
parative studies in normal subjects were 
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Fig. 3. Simultaneous fluorocardiograms of the apex 
(middle curve) and of a higher point of the left 
ventricular profile (lower curve). Phonocardiogram: 
The apical tracing initiates its drop at the beginning 
of the tension period while the higher ventricular 
tracing (lower curve) shows a notch in that phase and 
drops only at the beginning of the ejection period. 

made. 42 It was proven that it is possible 
to record the pulsations of the lungs or any 
other cardiovascular or pulmonary structure 
during normal respiration with the follow- 
ing precautions: (1) Whenever possible, the 
subject is instructed to breathe evenly and 
slowly, without sudden gasps. (2) The 
roentgenologist should observe the visible 
structure which is being studied and make 
sure that it is not moving in and out of the 
slit because of respiratory dynamics. 

TYPICAL TRACINGS IN NORMAL SUBJECTS 

The tracing of the apex 33 reveals a small 
positive wave due to completion of ven- 
tricular filling by the auricular contraction; 
a small negative wave caused by torsion 
of the heart during the tension period; a 
deep negative wave during the ejection 
period of systole; a rapid rise in early 
diastole; a slow rise during middle and late 
diastole. (Fig. 2.) Tracings recorded over 
any point outside the apex usually present 
somewhat smaller waves and seem to start 
later than the apical tracing. The last fact 
is due to less marked interference of motion 
phenomena and gives the impression that 
the contraction starts at the apex and 
spreads toward the base. (Fig. 3.) Return 
of the ventricular mass to its position in 
diastole may cause non-coincidence of the 
deepest point with the second sound. This 
phenomenon, however, is more marked at 
the apex and may be entirely absent. 
Occasionally a slow rise or a slower course, 
even simulating a small drop in early 



Fig. 4. tracing of the left auricle in the left ob- 
lique position. A negative wave is present in pre- 
systole in a normal subject because of auricu- 
lar contraction, b, tracing of the pulmonary veins 
in the postero-anterior position in the same sub- 
ject. A positive wave ( a wave) is present during 
presystole. Line x indicates the initiation of the 
auricular waves (negative presystolic wave in the 
venous tracing). 

diastole, may be seen. The latter phe- 
nomenon is probably due to positional 
changes. The tracings of the anterior and 
posterior surfaces of the left ventricle are 
similar to those of the lateral margin. The 
tracing of the right ventricle is similar to 
that of the left but the waves have a smaller 
amplitude. 

Both left and right auricular tracings 
reveal first a deep negative wave resulting 
from the auricular contraction (Fig. 4a), 
then a second decrease of auricular volume 
due to ventricular traction over the A-V 
septum and later an early diastolic diop. 
If the subject is in the recumbent position, 
a gradual rise in the tracing of the right 
auricle may be seen during systole on 
account of the greater venous return from 
the inferior cava. 

The tracing of the ascending aorta - 
reveals first a small negative wave due to 
traction of the left ventricle over the root 
of the vessel, then a rapid rise and a 
sustained plateau similar to a tracing o 
intraventricular pressure, later a high wave 
in diastole due to summation of the diciotic 
wave with a movement of return of the 
vessel to its -prior position. A small positive 
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wave may be seen occasionally in pre- 
systole due to motion of the heart at the 
time of auricular contraction. 

The tracing of the aortic knob 33 has all 
the characteristics of a “central” pulse. 
That of the pulmonary knob presents a 
smaller anacrotic depression and a higher 
dicrotic wave, often resembling the tracing 
of a peripheral pulse. (Fig. 5a.) 

The tracing of the descending aorta 33 
usually presents a rounded profile and no 
trace of the dicrotic wave; the fact that the 
tracing is a densogram may explain the lack 
of details. 

The tracing of either hilar shadows 33,35 
reveals an arterial wave which starts with a 
definite delay over that of the pulmonary 
knob; it has a rounded profile, a peak which 
is near the second sound and may or may 
not present a dicrotic wave. (Figs. 2 and 5b.) 

The tracing of the pulmonary paren- 
chyma 33,35 (Fig. 5c) is equivalent to a 
plethysmogram. The ascending branch of 
the wave is purely arterial; the rise of the 
wave occurs with a certain delay over that 
of the respective hilar vessels. On the other 
hand, the peak and the descending branch 
of the wave are deeply affected by variations 
in the venous filling of the lung. Actually 
the peak occurs soon after that vibration 
of the phonocardiogram which records the 
opening of the mitral valve. The descent 
of the tracing is rapid on account of the 
forward motion of the pulmonary venous 
blood toward the heart in early diastole 
which causes depletion of the venous 
network. 

The pulmonary veins can be studied by 
applying the slit transversely over an area 
which is about 2 cm. outward from the 
convexity of the right auricle in the postero- 
anterior positions. 35 This point was indi- 
cated by Marchal 21 as corresponding to a 
bundle of pulmonary veins and this was 
confirmed by timing the arrival of diodrast 
°n a fluorocardiogram. A thick vascular 
shadow is visible at times in that area. 

The arrangement of the larger vessels 
°f the hilar region is different for the arteries 
and the veins. It has been known that 
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Fig. 5. The arterial wave in the pulmonary circu- 
. lation in a normal subject, a, pulmonary knob; 
b, right hilum; c, visible base of the right lung. 
These tracings have been taken with different 
degrees of amplification, minimal amplification 
- being used for the pulmonary knob (a) and maxi- 
mal amplification for the peripheral lung field (c). 

veins coming from the middle and lower 
lobes on the right, in their almost horizontal 
course, occupy the space between the right 
heart border and the lower portion of the 
right hilar shadow thus providing an area 
mainly occupied by veins. Tracings recorded 
over this “venous field” present a typical 
“venous” pattern. 35 They show a positive 
presystolic wave (“a” wave), an early 
systolic collapse and a gradual rise which 
culminates at the time of mitral valve 
opening (“v” wave). (Fig. 4b.) 

A satisfactory tracing of the superior vena 
cava 33 is seldom recorded in normal sub- 
jects, young or old. It is more commonly 
recorded if there is venous engorgement. 
On the other hand, the tracing of the 
inferior cava 33 is obtained frequently in 
deep respiration. It shows a positive wave 
in presystole, a deep systolic collapse and a 



Fluorocardiography — Luisada, Fleischner 


762 

diastolic collapse. It resembles the me- 
chanical tracing of the liver. 

Fliiorocardiogram of the Child. The in- 
fantile fluorocardiogram can be obtained 
by using the aforementioned filter. 42 It still 
presents occasional irregularity or wander- 
ing of the base line due to the fact that 
children frequently have a sudden onset and 
end of inspiration with an abrupt change 
in phase. As a result the filter cannot prevent 
entirely a slight wandering of the base line 
because the speed of the respiratory wave 
is similar to that of the cardiac waves. In 
spite of this, perfectly visible cardiac waves 
can be obtained over all those cardio- 
vascular and pulmonary structures. 

SPECIAL STUDIES OF NORMAL PHYSIOLOGY 

Velocity of the Arterial Waves in the Pulmo- 
nary Circulation. The velocity of the pulse 
waves in the lesser circulation has been 
studied in ten subjects by comparing the 
tracings obtained by placing the slit first 
over the pulmonary knob, then over the 
right hilar shadow and later at the visible 
base of the right lung. 35 (Fig, 5.) 

The average times of arrival of the pulse 
waves are 0.08 second for the pulmonary 
knob, 0.12 second for the right hilum and 
0.16 second for the visible base of the right 
lung. These data were obtained by measur- 
ing the distance on the tracing from the 
beginning of the first sound to the foot of 
the wave. Correct figures are about 0.06 
second lower because the opening of the 
pulmonic valves takes place later than the 
beginning of the sound. 

Considering the distances travelled by 
the pulse wave, the authors calculate a 
velocity of the pulse waves of 2 M. per' 
second between pulmonary knob and right 
hilus, and 2.75 M. per second between 
right hilus and visible base of right lung. 
While the speed of the pulse in the lesser 
circulation is less than in the greater, being 
roughly one-third of the latter, the pulse 
increases its speed in the small, less ex- 
tensible arterioles both in the lesser and in 
the greater circulation. 


Temporal Relationship between the Contrac- 
tions of the Right and Left Heart. Knowledge 
of the normal temporal relationship of con- 
traction of the two auricles and ventricles is 
important in various clinical conditions, 
like bundle branch block, Wolff-Parkinson- 
White syndrome and interauricular dis- 
turbances. Ellinger, Gillick, Boone and 
Chamberlain 25,29 found no constant time 
relationship between the action of the right 
and left heart in healthy individuals indi- 
cating that the right heart may precede the 
left heart by up to 0.03 second or lag behind 
0.01 second. 

In order to obtain a double simultaneous 
tracing two apparatus for fluorocardiog- 
raphy and a “Tri-Beam Stethocardiette” 
were used. Observations were made on 
eight normal subjects between the ages of 
fourteen and forty-six. 34 The two ventricles 
were studied in the left lateral position 
applying one slit as low as possible across 
the anterior border of the cardiac shadow 
(right ventricle) and the other across the 
lower posterior border (left ventricle). The 
two auricles were studied with the subject 
in the right oblique position by applying 
the slits, one below the right bronchus (left 
auricle) and the other much lower (right 
auricle). The pulsations of the pulmonary 
arch and of the aortic arch were studied 
with the subjects in the postero-anterior 
position by applying the slits of the two 
pick-up units across the borders of the 
curves corresponding to the two large 
vessels. 

The various observations concerning the 
temporal relations in cardiac action confirm 
each other. The final conclusions concerning 
the time relationship of the ventricular 
pulsations are based on the correlation of 
tracings obtained from the auricles (indi- 
cating the opening of the A-V valves), fiom 
the ventricles (showing the beginning of 
ejection from both ventricles) and from the 
large vessels (revealing the initial rise of 
the aortic and pulmonic pulses). The 
evidence indicates that the right ventricle 
contracts first and the interval between the 
contractions of the two ventricles is between 

AMERICAN JOURNAL OF MEDICINE 



Fluorpcardiography — Luisada, Fleischner 763 


0.025 and 0.030 second. (Fig. 6). The same 
interval exists between the pulmonic and 
aortic pulses. These > results indicate an 
interval which is larger than that found by 
experimentation on animals. This is partly 
due to the fact that we measure the intervals 
between the beginning of ejection of the two 
ventricles and not between the actual 
initiation of two systoles. 

Observations on the pulsations of the 
auricles indicate that here, too, there is a 
brief interval, the right auricle contracting 
before the left. Our observations, therefore, 
are consistent with known physiologic facts. 

Isometric Relaxation Period oj the Left 
Ventricle. The study of this period is impor- 
tant for both physiologic and clinical 
studies as it represents the interval between 
the closure of the aortic valve and the 
opening of the mitral valve. Several at- 
tempts have been made to measure this 
period in normal subjects by means of arte- 
rial and venous tracings or by observation of 
electrokymograms. 28 A phonocardiographic 
study with simultaneous recording of phono- 
cardiograms and fluorocardiograms led 
Luisada, Romano and Torre 38 to the con- 
clusion that previous figures were too high. 
Their findings varied between 0.04 and 
0.07 second in normal subjects and between 
0.07 and 0.11 second in patients with 
mitral stenosis. They also were able to 
demonstrate that the small rebound which 
may be observed occasionally in the tracing 
of the left ventricle is entirely in the early 
diastolic phase and starts after the opening 
of the mitral valve. 

Attempts at Measurement of Blood Pressure in 
the Lesser Circulation. In a brief note 22 
Marchal suggested the use of the fluoro- 
cardiogram of the lung (called by him 
binedensigram”) for the measurement of 
blood pressure in the lesser circulation. He 
tried to reduce the pulsations of the lung by 
means of an elevation of the intrapulmonary 
pressure. To this end, he had the patient 
expire forcibly into a manometer and the 
complete extinction of the pulmonary 
pulsation was taken as an indication that 
the systolic pressure of the pulmonary 
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Fig. 6. Simultaneous tracings of the right and left 
ventricles in the left lateral position. The right ventricle 
contracts before the left. The upper tracing is a 
phonocardiogram . 

arterioles had been reached by the air of 
the alveolar cavities. The method, if suc- 
cessful and accurate, would permit the 
measurement of pressure in the lesser 
circulation without danger to the patient. 
Therefore it deserved control. Several series 
of experiments were performed. 

Using a valve which permitted controlled 
alteration of the positive pressure against 
which the subject was exhaling, several 
experiments were performed. High expira- 
tory pressures were followed first by a 
decrease of the positive pulmonary pulsa- 
tions, then by their transformation into 
negative waves. 42 

The transformation of the tracing, which 
was followed in some bases by complete 
disappearance of any pulmonary pulsation, 
occurred only for pressures of 35 to 50 
mm. Hg. As the latter are definitely too 
high for pulmonary arterial pressures, two 
possibilities were considered: (1) That the 
subject may not expire when the pressure of 
the bottle is higher than that which he can 
reach. Marchal admitted this possibility. 
Then the pressure of the manometer does 
not correspond to that of the respiratory 
passages. (2) That the pressure of the 
pulmonary artery is raised temporarily by 
the increase of the intra-alveolar pressure. 
In order to check this tests were made on 
experimental animals. 4 ' The trachea of an 
anesthetized dog was connected with the 
bottle by the valve device already tested in 
man; the pressure of the right ventricle was 
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Fig. 7. Tracings of patients with mitral stenosis and insufficiency, a, a patient with sinus rhythm. The negative 
wave is in presystole (x); the positive plateau is in systole, b, a patient with auricular fibrillation. There is an absent 
presystolic wave and a positive systolic plateau. 


recorded by means of a venous catheter and 
a Sanborn electromanometer. The ven- 
tricular tracing indicates that when the 
animal expires against pressure, the diastolic 
pressure of the right ventricle rises becoming 
positive (increase of residual blood?) and 
that the systolic pressure rises even further, 
reaching a level which is over 40 per cent 
higher than the normal level. This result, in 
our opinion, invalidates the accuracy of the 
method for clinical purposes. 

OBSERVATIONS IN CLINICAL CONDITIONS 

Dynamics of the Left Auricle and Pulmonary 
Veins in Mitral Valve Lesions. The effects of 
mitral valve lesions on the left auricle have 
been studied by numerous authors using 
different methods (auscultation, inspection 
and palpation, esophagocardiography). 
Fairly accurate observations of motion 
changes of the left auricle have been made 
in the past by fluoroscopy and roentgen- 
kymography. 17 Fluorocardiographic studies 
have confirmed and amplified those obser- 
vations. 36 The authors studied twenty-three 
patients with lesions of the mitral valve. 
Correlation of the clinical diagnoses, the 
phonocardiographic findings and the fluoro- 
cardiographic tracings led to the following 
conclusions: (1) In patients with mitral 
regurgitation or double mitral lesion there 
is always a positive systolic plateau. (2) In 
patients with mitral stenosis and no clinical 
evidence of insufficiency (no systolic mur- 
mur) a typical systolic plateau is also 


present. (3) The plateau is typical both in 
cases with sinus rhythm and in those with 
auricular fibrillation. (Fig. 7.) 

The typical pattern in the fluorocardio- 
graphic tracing of the left auricle in patients 
with mitral valvular disease is due to the 
regurgitation of blood from the left ven- 
tricle into the left auricle during ventricular 
systole. It consists of a rectangular positive 
“plateau” and resembles both the tracing 
of intraventricular pressure and that of the 
left auricle in animals with experimental 
lesions of the mitral valve. 

Another abnormal feature was found in 
tracings from patients with mitral stenosis 
and sinus rhythm; this consists of an ab- 
normal form and depth of the auriculai 
wave which was small, irregular and often 
difficult to visualize. This abnormality may 
be attributed either to slow emptying of the 
left auricle because of marked initial 
narrowing or to weak left auricular con- 
traction caused by muscle damage in the 
left auricle. 

In conclusion, the fluorocardiogram o 
the left auricle in mitral valvular, disease 
typically demonstrates a positive plateau 
(regurgitation during ventricular systole). 
This is even more pronounced in instances 
of auricular fibrillation and thus may be o 
diagnostic value even in the absence of an) 
apical murmur. 

In addition, the tracing of the pulmonary 
veins presents an abnormal and typica 
pattern in those instances in which the le t 
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auricular tracing shows a plateau. This 
pattern consists of; (1) high positive auricu- 
lar wave in presystole if there is sinus 
rhythm; no auricular wave if there is 
auricular fibrillation; (2) typical positive 
plateau in systole similar to that of the left 
auricle. This proves that the regurgitation 
of blood from the left ventricle into the left 
auricle either continues back into the 
pulmonary veins or causes an increase of 
pressure and volume in the latter which 
faithfully reproduces the curve of pressure 
(and volume) of the left auricle, as was 
expected theoretically. 

Tracings of the Left Ventricle in Myocardial 
Infarction. The abnormal movements of 
die left ventricular wall following myo- 
cardial infarction have been repeatedly 
investigated by means of roentgenkymog- 
raphy. 7, 11-17 The most common abnormal- 
ities described were diminution or absence 
of pulsation in a segment of the left ven- 
tricular contour, systolic expansion over the 
lower left contour and diastolic splintering. 
While most observations were made with 
the patient in the postero-anterior position, 
some were made also in the oblique 
positions. 12 

Luisada and Fleischner 37 have studied 
twenty cases of myocardial infarction. The 
patients were studied in the sitting position 
if the lesion was old and in the recumbent 
position if the lesion was recent. The left 
ventricle was studied first in the postero- 
anterior position, then in both obliques (a 
40 degree right oblique permits observation 
of the anterior wall; a 60 degree left oblique, 
of the posterior wall of the left ventricle). In 
each of these three positions the study 
started by applying the slit over the lowest 
point above the diaphragm or, if the lower 
Profile of the heart was visible through the 
gastric fundus, over the most medial point 
of this. T hen several different points were 
studied along the contour of the left 
ventricle from its lowest to its highest part. 
The same procedure was repeated in the 
oblique positions. 

Various abnormalities have been ob- 
sc >ved. Some of them have been found 
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typical of circumscribed damage to the 
ventricular wall; others are not specific and 
may be observed also in cases 'of diffuse 
myocardial damage. 

Various abnormal patterns were observed 
during systole. Four of these can be grouped 
together, being an expression of various 
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Fig. 8. Scheme of the major abnormalities of the 
ventricular tracing (continuous line) compared 
with the normal tracing (dotted line) in myo- 
cardial infarction. (1 ) Decreased amplitude of the 
ventricular wave; (2) early end of the ventricular 
wave; (3) late onset of the ventricular wave; (4) 
early systolic distention followed by normal con- 
traction; (5) systolic distention (dynamic aneu- 
rysm); (6) marked presystolic distention; (7) early 
diastolic rebound; (8) late distention in diastole; 
(9) decreased amplitude of the systolic wave 
followed by early diastolic drop. 


766 


Fluorocardiography — Luisada , Fleischner 





eiiifillliilliiiiiiiiiriiifflinipll 




9. 10. 


Fig. 9. Tracings of the anterior left ventricular wall in the left oblique position. Old anterior myo- 
cardial infarction present. Local paralysis (a) compared with a tracing recorded one step lower (b) 
which indicates a strong contraction. 

Fig. 10. Dynamic aneurysm; inverted or “paradoxical” pulsation with formation of a positive plateau 
in two cases (a and b) of old myocardial infarction. 


degree of the same phenomenon, namely, 
reduced amplitude, early end or late onset 
or absence of the ventricular wave. (Figs. 
8 and 9.) Two other systolic patterns 
express a greater or lesser tendency toward 
distention, namely, early distention followed 
by normal ventricular wave or inverted 
pulsation (so-called paradoxical pulsation). 
(Figs. 8 and 10.) Various abnormal patterns 
were also observed during diastole, such as a 
marked rebound, absence of rapid rise or 
drop of the tracing in early diastole. 
(Fig. 8.) 

In four of the authors’ cases the electro- 
cardiogram indicated posterior myocardial 
infarction; in all of these the abnormality 
of contraction demonstrated by fluoro- 
cardiography was located in the posterior 
wall and extended to the lateral wall. In 
eight cases the electrocardiogram indicated 
anterior or anterolateral myocardial infarc- 
tion. In six of these the abnormality of 
contraction was located in the anterior wall 
and extended to either the apex or the 
lateral wall; in one case (incompletely 
studied) a posterolateral abnormality was 
found; in one no abnormality was observed. 
In seven cases there was a history of 


repeated attacks of myocardial infarction 
or of attacks of severe, prolonged, pre- 
cordial pain; in all of them marked ab- 
normalities of contraction were found in 
the anterior, posterior and lateral wall. 
There is thus almost 90 per cent agree- 
ment between electrocardiogram and flu- 
orocardiogram as to location of myocardial 
infarctions. (Fig. 11.) 

Two abnormalities of the systolic wave 
have been considered diagnostic of localized 
myocardial damage, in the majority of 
instances this being identical with myo- 
cardial infarct: (1) Reduced amplitude of 
the ventricular wave or disappearance of 
this wave in a circumscribed region of the 
left ventricle. Whenever the surrounding 
areas present large waves, this sign is 
definitely related to infarction. As that area 
is functionally (and usually also anatomi- 
cally) excluded from participating in active 
contraction, the authors suggest the name 
of local paralysis for the phenomenon thus 
revealed by fluorocardiography. (2) Ir>" 
verted pulsation (paradoxical pulsation) o 
a circumscribed area of the ventricular 
myocardium. In typical cases this inverted 
pulsation assumes the aspect of a plateau, 

L or MEDICINT. 


AMERICAN JOURSA 


Fluorocardiography — Luisada , Fleisc finer 767 

indicating that the inert wall is passively 
distended by intraventricular pressure. This 
type of pulsation may be associated with the 
existence of a well defined bulge of the 
ventricular silhouette on chest films. In 
such cases the term ventricular aneurysm 



Fic. 11. Diagrammatic locations of the positions of the slit and topographic reconstruction of the 
morphologic changes in a patient with multiple myocardial infarctions. Dynamic aneurysm extends 
from the apex to the anterior wall. There is local paralysis above the apex as well as multiple ab- 
normalities of contraction in the posterior wall. There were two older and one recent attack of 
anterior infarction. Electrocardiograms taken of the limb leads, unipolar chest leads and unipolar 
limb leads. The schematic tracings on the right side of the figure refer to the fluorocardiograms re- 
corded over the left ventricle in the postero-anterior view (central sketch); those at the bottom refer 
to tracings recorded over the anterior and posterior wall, respectively, in the oblique positions. 

1S commonly used. In other cases the bulging The wall distends in systole absorbing part 

occurs only in systole while no bulge is of the dynamic effort of the normal myo- 

present in diastole. This phenomenon, cardium; it collapses in diastole, disturbing 

occasionally observed on fluoroscopy, is the normal filling and spilling its retained 

faraly noticeable on roentgenograms; these, blood into the rest of the ventricular 
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even if taken at the maximum of systole, 
would show but a minute projection hardly 
detectable without simultaneous observa- 
tion of the two opposite motions. The 
dynamic significance of such an inverted 
pulsation is similar to that of an aneurysm. 
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cavity. This similarity may justify a new 
term, dynamic aneurysm, for instances in 
which a typically inverted pulsation is found 
without any persisting bulge in the profile 
of the left ventricle. 

Both lack of pulsation and inverted 
pulsation were encountered on either the 
anterior or the posterior wall, or in one of 
these locations extending to the lateral wall 
or in a larger area including anterior, 
lateral and posterior walls. Most common 
is either anterior or posterior localization 
with extension to the lateral wall. 

Studies in Uncomplicated Cardiac Shunts. 
The authors have studied ten such cases 
between the ages of thirteen and thirty-five. 
These were all patients presenting charac- 
teristic clinical, roentgenologic, electro- 
cardiographic and phonocardiographic find- 
ings. Five had a patent ductus arteriosus 
while the other five had a ventricular septal 
defect. Speed, shape and height of the pulse 
waves were studied.' 42 (1) The study re- 
vealed a higher speed of the pulmonary 
arterial wave in the cases of patent ductus; 
normal or slightly abnormal figures in 
septal defect. (2) Shape of the pulse waves: 
This can be studied by measuring the 
distance foot-peak in the waves. In both 
groups of patients the pulse was normal 
(patent ductus) or slightly tardus (septal 
defect) in the pulmonary knob; it was 
celer (more so in the patent ductus) in the 
hilum and pulmonary parenchyma. (3) 
Height of the pulse waves: In patent ductus 
arteriosus the pulse wave in the pulmonary 
knob is frequently as high as or higher than 
the pulse in the aortic knob. In ventricular 
septal defect the pulmonic pulsations are 
higher than the normal but smaller than 
those of the aorta. The peripheral pulmonic 
pulses (hilar and parenchymal) are in- 
creased in height in both defects but less so 
in ventricular septal defect. 

Even if no typical abnormality was 
revealed by this study, the diagnosis of the 
two types of shunts (patent ductus and 
ventricular septal defect) and the differ- 
ential diagnosis between them may be 
made easier by fluorocardiography. More- 


over, the finding of a normal left auricular 
tracing in a patient with a loud systolic 
murmur is an indirect indication of a 
septal defect. 36 

Studies in Chronic Cor Pulmonale. The 
authors first studied six patients with only 
mild dyspnea who, despite chronic cor 
pulmonale, were able to hold their breath 
during the recording of fluorocardiograms. 42 
In these subjects the pulsation of the pul- 
monic knob was found greater than in 
normal subjects and sometimes larger than 
that of the aortic knob. The pulsation of 
the hilar shadows was found abnormally 
high, occasionally as great as that of the 
pulmonary knob. On the other hand, the 
pulsation of the pulmonary parenchyma 
was found abnormally small and, at times, 
not recordable. In two cases with predomi- 
nant lesions of one lung the pulsation was 
imperceptible in that lung but normal in 
the other. Differences between the various 
lobes have been observed in cases with 


lobar predominance of the lesions. These 
findings reveal a decreased vascularization 
of the lungs (or part of them) caused by the 
chronic process and an increased pressure 
in the larger vessels as a result of the reactive 
hypertrophy of the right ventricle (pul- 
monary hypertension and cor pulmonale). 

In another patient with severe dyspnea 
due to emphysema tracings were recorded 
by using the aforementioned filter. 42 It was 
possible to observe the details of the pulsa- 
tions of the pulmonary artery which had an 
extremely high dicrotic wave in contrast 
with the simple profile of the aortic pulse. 
Also, by means of the filtei', it was possible 
to record a fair pulsation at the base of one 
lung, no pulsation at that of the other. This 
coincided with the physical and roent- 
genologic findings of emphysema which 


was predominant on one side. 

Aortic Aneurysms and Mediastinal Tumors. 
Differential diagnosis between these two 
conditions is a problem which frequently 
confronts the roentgenologist. Both in the 
case of a mediastinal tumor and in that 
of an aortic aneurysm the shadow of the 
mass may pulsate. In the first instance the 
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pulsation is transmitted; in the second it is 
due to the expansion of the pouch. While a 
border fluorocardiogram may not be able 
to differentiate between the two lesions 
because in both cases the border will move 
with a pulsation of arterial type, theoreti- 
cally a densogram of the shadow would 
permit easy differentiation. In the case of a 
tumor the mass is solid and poorly provided 
with vessels while in the case of an aneu- 
rysm the whole mass is full of blood and 
expands in systole, increasing its thickness. 

A study was made in two cases of medi- 
astinal tumors, in two cases of diffuse dila- 
tation of the aorta and in one case of 
aneurysm of the junction between aortic 
arch and descending aorta. The tumors 
gave densograms which revealed only 
minute, irregular pulsations. The cases 
with diffuse dilatation and that with the 
aneurysm gave densograms which are 
absolutely identical in shape with the 
border tracings in the same cases and nearly 
as high. This demonstrates that fluoro- 
cardiography may be used for the differ- 
ential diagnosis between the two conditions. 
Even in the case of an aneurysm full of 
clots it is likely that some part of the pouch 
still communicates with the lumen of the 
aorta; this should be sufficient to cause an 
expansive pulsation of the pouch and to 
give a densogram of arterial type. 

Contractions of the Right and Left Auricles in 
A-V Block. Study of auricular contractions 
ln these conditions requires simultaneous 
recording of three tracings, the fluoro- 
cardiogram, the phonocardiogram and the 
electrocardiogram. Recording the electro- 
cardiogram while the patient is examined 
->y x-ray requires a special attenuator (or 
dter) to prevent flickering of the base line. 

his was previously described by us 31 and 
was employed for this particular study. 

lectrocardiograms also have been taken 

Y , others 20,30 using different technical 
devices. 

The profile of the isolated auricular wave 
15 similar in both the right and the left 
am icles . 42 It is much simpler than when 
tle aur icular is followed by a ventricular 
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contraction, on account of the interference 
of the latter with the auricular volume. The 
auricular wave consists of a rapid drop 
followed by a slower rise and closely re- 
sembles the profile of a ventricular wave 
recorded over the border of the left ventri- 
cle. This observation is not in full agreement 
with those of others 30 who called a “pure 5 5 
auricular curve that actually showing very 
little result of the auricular contraction. 

The actual degree of emptying of the 
auricular chambers can be observed and 
it is possible to see the influence of ventricu- 
lar contraction on the subsequent auricular 
tracings. 

MISCELLANEOUS OBSERVATIONS 

Arteriovenous Fistula. One such case was 
studied by recording the tracings of the left 
ventricular margin. Manual occlusion of 
the femoral fistula led instantaneously to 
bradycardia and to a remarkable increase 
in the amplitude of the ventricular wave; 
the latter fact was not revealed by either 
fluoroscopy or serial chest films. 

Pericarditis with Effusion. One case was 
repeatedly studied. During the stage of 
effusion no visible wave was recorded on 
any point of the pericardial contour. After 
paracentesis and introduction of air typical 
but somewhat small waves were recorded 
over the left ventricular and right auricular 
borders above the fluid level. The fluid 
level itself pulsated and presented a typical 
ventricular pattern on the left and an 
auricular pattern on the right. After 
complete recovery normal tracings were 
recorded. 

Bundle Branch Block. Observations in 
this field have been made by Ellinger and 
his co-workers . 29 

OTHER POSSIBLE APPLICATIONS 

This review has been based predominantly 
on the observations made by one group 31-42 
since the beginning of their studies about 
three years ago, although it also covers all 
other available reports. These early results 
in the field of physiology and practical 
clinical application are encouraging. More 
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is to be expected from continued work and 
the activity of other groups with this and 
related methods. 

It would seem that the method of fluoro- 
cardiography, which is flexible, easy of 
performance and requires but a small invest- 
ment in apparatus, deserves wider explora- 
tion for its value in pathophysiologic studies 
and for its clinical usefulness. 

SUMMARY 

Studies of technic, observations on nor- 
mal subjects and first clinical applications 
of a new method are reported. The method 
permits inscription on a continuous film of 
either the motions of the border of the 
cardiovascular silhouette, as observed on 
the fluoroscopic screen, or the changes in 
density of the cardiovascular shadows. The 
method in general is called fluorocardiog- 
raphy; the two types of tracings are 
termed border tracings and densograms, 
respectively. 

Various tracings and their physiologic 
interpretations are given in detail. 

Studies of cardiovascular physiology are 
reported; among these are one on the 
temporal relationship between the con- 
tractions of the right and left heart; one on 
the velocity of the arterial pulse wave in 
the pulmonary circulation; one on the 
isometric relaxation period of the left 
ventricle; and one on pressure recording 
in the pulmonary artery. 

The results of two systematic clinical 
studies are reported, one in mitral valve 
lesions, the other in myocardial infarction. 
In addition, various clinical observations 
are reported including cases of uncompli- 
cated shunts, cor pulmonale, pericarditis, 
heart block, aortic aneurysms and others. 
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C ongestive heart failure involves all 
parts of the heart and circulation. 
In an analysis of this condition it 
may be useful to enumerate the main 
physiologic components of this complex 
apparatus: 

1. Intrathoracic and intra-abdominal 
great veins and right auricle: the systemic 
venous reservoir. This contains, in normal 
conditions, a generous volume of blood 
under low tension, such that normal stroke 
volumes of 70 cc. or 80 cc. are removed at 
each heart cycle, under resting conditions, 
with only a 3 mm. to 5 mm. change in the 
right auricular pressure. 1 

2. Right ventricle: The volume of blood 
in the normal right ventricle is not accu- 
rately known; it is probably somewhere 
in the neighborhood of 50 cc. at the end of 
systole and thus about 1 30 cc. at the end of 
diastole. 2 Systolic right ventricular pressure 
averages 25 mm. Hg, the end diastolic 
(filling pressure) 1 to 3 mm. Hg. 1 

3. Pulmonary artery: Systolic pressure 
averages 25 mm. Hg, with a normal range 
of 18 to 30 mm. Hg, the diastolic pressure 
is about 8 mm. Hg. 

4. Pulmonary capillaries: Pressure in 
these vessels has been recorded from 7 to 
15 mm. Hg. 3 

5. Pulmonary veins and left auricle: the 
pulmonary venous reservoir. This is ap- 
parently a less voluminous and less dis- 
tensible blood reservoir than that on the 
right side as the pressure changes during 
the cardiac cycle are much wider. 4 Nor- 
mally the pulmonary vascular system is 
thought to contain some 300 to 500 cc. of 
blood. The mean left auricular pressure is 


about 4 mm. Hg higher than that of the 
right auricle. 4 

6. Left ventricle: There apparently is 
residual blood in the normal left ventricle 
at the end of systole, 5 and the volumes may 
be presumed to be similar to those in the 
right ventricle; systolic pressure 120 ± 20 
mm. Hg; the end diastolic pressure is 
probably a few mm. Hg higher than that 
in the right ventricle. 4 

7. Coronary circulation: There is very 
little factual information about coronary 
blood flow in human beings although such 
studies are now in progress. 

8. Systemic aorta, arteries and arterioles: 
This elastic system, with its systolic pressure 
of 120 ± 20 mm. Hg and diastolic (in the 
brachial arteries) around 75 mm. Hg, main- 
tains a flow of blood to tissues throughout 
the cardiac cycle. There is an extraordi- 
narily effective and sensitive reflex mech- 
anism regulating over-all arteriolar tone, 
or “peripheral resistance,” tending in gen- 
eral to maintain an approximately constant 
blood pressure in spite of wide changes in 
cardiac output and in regional blood flows. 

9. Systemic capillaries, systemic veins: 
Here also there are constantly active vaso- 
motor adjustments, both local and regional, 
in accordance with tissue needs. Mc- 
Michael, 2 in his paper in the present series, 
stated admirably the case for both the 
existence and the importance of veno- 
motor tone as a factor in cardiocirculatory 
dynamics. 

10. Blood depots, shunts: It is important 
to realize that there are in the systemic 
circulation large regional volumes of blood 
that can be shifted, at need, into the central 
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(intrathoracic) venous reservoir and can 
be maintained there and then shifted away 
again. The Valsalva experiment results in a 
large overdistention of all great veins with 
blood whether or not the arterial blood 
pressure falls. 6 Pericardial tamponade and 
other central venous obstructions do the 
same thing, such distention being also 
sustained. In muscular exercise all visible 
veins are full of blood while at the same 
time arteries and arterioles are also dilated. 
Just where in the periphery this distending 
blood volume comes from is not clearly 
known. Krogh’s idea 7 that the splenic- 
portal-hepatic system is the chief mecha- 
nism which shunts blood into the general 
circulation apparently is true for the dog, 8 
but there is no good evidence that this 
mechanism operates in man. 

The aforementioned is in a sense only an 
extension of the general notion of veno- 
motor tone, but it is a special aspect of this 
function and deserves emphasis. Certainly 
nothing is further from the truth than the 
oversimplified concept that the circulation 
consists of an arterial tube and a venous 
tube, with a resistance between and a pump, 
file heart, driving fluid around the circuit 
and that blood volume shifts can only be 
from arterial tube to venous tube, or vice 
versa. 


11. Renal circulation: This controls salt 
and water balance and thus ultimately 
tissue and blood volumes. The significance 
of this function in congestive heart failure 
has been extensively covered in other papers 
of this series. 9, 10,30 

Performance of Normal Circulation in Exer- 
cise. A knowledge of the action of the nor- 
mal heart and circulation, especially under 
conditions of stress, is essential to an under- 
standing of the physiology of congestive 
heart failure. 


In physical exertion of moderate degree, 
oxygen consumption will be increased from 
300 cc. per minute to 1,800 cc. per minute. 
To provide the tissues with oxygen there 
"'ill be something like a two-fold increase in 
arteriovenous oxygen difference and a three- 
old increase in cardiac output. The latter is 
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usually accomplished in part by increase in 
heart rate and in part by increase in stroke 
volume. 

At this increased level of blood flow, 
systemic arterial blood pressure normally 
increases but not greatly; pulmonary arte- 
rial pressure is not increased at all; 11 indi- 
cating in both pulmonary and systemic 
circuits a marked “compensatory” arte- 
riolar dilatation and decrease in peripheral 
resistance. 

Venous pressures during exercise, or more 
exactly the effective or “net” filling pres- 
sures at the end of diastole in the right and 
left ventricles, are difficult to ascertain. 
Earlier studies described 'increase in periph- 
eral venous pressure, up to about 130 mm. 
saline, during exercise; more recent work 
suggests that there may be little rise or even 
a fall. 2 The actual “net filling pressure” in 
the right ventricle, that is, the effective pres- 
sure within the thorax, can only be deter- 
mined by simultaneous measurements of 
intraventricular and intrathoracic pressures, 
and this has not been done in exercise in 
human subjects. Such measurements have 
been made in a few cases by Lauson et al. G 
through the respiratory cycle at rest, and 
by Motley et al. 12 during positive pressure 
breathing; these measurements indicate that 
there is, under these conditions at least, a 
relation between the effective end diastolic 
filling pressure in the right ventricle and the 
stroke volume of the ventricle, the stroke 
volumes changing as much as 25 to 40 per 
cent for corresponding changes of 2 to 4 
mm. Hg in end diastolic pressures. This in- 
formation is perhaps useful in suggesting 
that changes in filling pressure in the ven- 
tricles need be only very small for consider- 
able increases in stroke volume under certain 
restricted conditions. How far this can be 
applied to muscular exercise is unknown. 

From the point of view of venous return 
it is apparent that with the increased cardiac 
output in exercise, venous blood volumes are 
shifted so that there is at all times an ade- 
quate filling of the central systemic venous 
reservoir. Heart volume is little if at all in- 
creased in normal subjects during moderate 
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work 13 and even may be decreased, suggest- 
ing that the ventricle increases its stroke 
volume output by increased emptying rather 
than increased filling. 

Starling’s law, on the other hand, states 
that the energy of cardiac contraction, i.e., 
stroke volume, is proportional to the dias- 
tolic volume of blood in the ventricular cham- 
ber, up to a certain limiting physiologic 
volume. 2,14 Another relationship, often re- 
ferred to as Starling’s law, that the stroke 
output increases with increasing diastolic 
filling pressure in the ventricle might better 
be called Frank’s law or principle since 
Otto Frank’s extensive experiments 13 with 
tire frog heart led to this general conclusion. 

At all events it would seem, as McMichael 
and others have noted, 2,10 that the response 
of the normal heart in moderate exertion 
does not follow the Starling principle, nor 
probably the Frank principle either, but 
operates through other mechanisms, nerv- 
ous or humoral, tending to increase muscle 
contractility without increase in fiber length. 
If there are any increases at all in filling 
pressure with increased stroke volume, these 
are very, small in magnitude. 

When one comes to heavy exertion in 
normal individuals, however, the situation 
changes. It has long been recognized that in 
excessive exercise the heart dilates. Lilje- 
strand, Lysholm and Nylin 13 found that in 
heavy work the heart size increased an 
average of 12.7 per cent. But even here, 
immediately following the exercise with 
cardiac output still high, heart volume de- 
creased even below control values. Venous 
pressures in severe exercise are of course 
impossible to evaluate as indices of effective 
intracardiac filling pressures due to un- 
known changes in mean intrathoracic 
pressures. 

From the aforementioned one may sug- 
gest as a general proposition that a dilated 
heart, with incomplete emptying during 
systole, is a heart under strain. Such dilata- 
tion may well induce a further increase in 
stroke volume, in accordance with the 
Starling principle, but it is apparently a 
late response in cardiocirculatory effort. 


These observations lead to a consideration 
of actual cardiac failure of various types. 

Failure of Normal Heart under Continued 
Excessive Strain. A direct and uncompli- 
cated example of this situation is traumatic 
arteriovenous communication in otherwise 
normal individuals. This condition can be 
further analyzed by abruptly shutting off 
and then releasing the arteriovenous shunt. 
With a large shunt, the essential findings are 
as follows: 17 There is a marked increase in 
cardiac output and a progressive develop- 
ment, over months or years, of cardiac 
hypertrophy and dilatation. Venous and 
right auricular pressures are at the upper 
limits of normal or slightly increased; arte- 
rial diastolic pressure is low; blood volumes 
are within normal limits in most early cases 
but tend to increase in the more severe cases 
over a period of years. 

Upon abrupt closure of the shunt, heart 
rate slows; arterial diastolic pressure rises; 
right auricular pressure shows a small but 
definite decrease in one series reported 17 " 
and no change in another; ,7rf cardiac output 
is considerably decreased although still 
above normal. Holman 17 " has reported a 
sharp rise in both systolic and diastolic 
arterial pressures and, in cases with large, 
long-standing communications and cardiac 
enlargement, a further dilatation of the 
heart simultaneous with the blood pressure 
rise. 

It is interesting that a further change 
reported at this time 17 " is an increase in 
blood volume and in local blood flow in tire 
limbs not involved in the shunt. This sug- 
gests a regional redistribution of blood away 
from the central reservoir coincident with 
decreased cardiac output. Large arterio- 
venous communications, untreated over 
many years, may lead to progressive cardiac 
dilatation, increased blood volume and 
marked congestive failure. 17rf 

After permanent surgical closure of the 
shunt rapid diuresis and disappearance of 
congestive failure occurs; if present, there is 
also a progressive decrease in heart size to 
normal over a period of sevei'al weeks oi 
longer and a similar gradual return to noi- 
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mal of the cardiac output. There are ob- 
viously various circulatory readjustments in 
process here . 2 

From the point of view of the develop- 
ment of heart failure the condition presented 
by a large arteriovenous communication is 
important in demonstrating how a sustained 
increase in cardiac output in a perfectly 
normal heart may lead first to hypertrophy 
and dilatation and eventually in some in- 
stances to frank congestive failure. 

Congestive Heart Failure: “ High Output ” 
Forms. There has been considerable differ- 
ence of opinion and some confusion of 
thought about this general subject which is 
certainly not surprizing. High output failure 
includes a variety of very different clinical 
entities, some of which have not been 
adequately studied. 

Leaving aside the problem of the early 
stages of development of high output failure 
about which not much is known as yet and 
considering only established congestive fail- 
ure, as for example in severe anemia, one 
finds the main accepted facts to be that the 
cardiac output is greatly increased, venous 
pressures elevated and the congestive state 
fully established. Blood volumes, as meas- 
ured by red cell dilution, have been reported 
as diminished 18 " but by the plasma dye 
method, which is probably more reliable, 
they are usually increased . 26 

It may well be that from the point of view 
of tissue needs this increased cardiac output 
is still inadequate , 9 but this does not alter 
the greatly increased burden put upon the 
heart. Correspondingly, the heart behaves 
as a heart under strain; the ventricles fail to 
empty in systole and end diastolic pressures 
increase although the dilated heart con- 
tinues to maintain a large output. Whether 
this state of affairs, before congestion is fully 
developed, should be called the last stage of 

compensation” or the first stage of “con- 
gestive failure” is largely academic. As 
McMichael 2 puts it, “anemic hearts com- 
pensated in this manner are, in fact, on the 
very brink of failure.” 

The question has in fact been raised 
whether the congestive state with large 
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cardiac output should be called heart 
failure 19 at all. To this there is the answer, 
already mentioned , 9 that the blood flow is 
still relatively inadequate in these cases, but 
there is also the much more cogent argu- 
ment that the congestive state is itself heart 
failure , 16 a pathologic condition consisting 
of abnormal intravascular pressures rather 
than deficient intravascular flow, but with 
consequences equally severe — dyspnea, 
cough, edema, passive congestion of viscera, 
etc. — all essentially congestive pressure 
phenomena. 

Thyroid and beriberi heart disease in con- 
gestive failure are similar in mechanics to 
anemic heart failure. Tissue metabolism in 
these conditions is greatly disturbed, and the 
status of the myocardium is also uncertain. 

In right-sided congestive heart failure 
that develops with the pulmonary arterial 
hypertension of cor pulmonale, high normal 
or actually increased cardiac output has 
been found 20 21 but the existence of this con- 
dition has also been questioned .- 22 Actually 
the dynamics of pulmonary heart disease 
are variable and complex 1 - 23 and patients 
are encountered with normal or low cardiac 
output as well as high. 

Nonetheless, the high output group con- 
stitute a true entity. Marked arterial anoxia 
is probably important in their causation 
although there are doubtless other factors. 
An example, studied recently by Harvey, 
Ferrer et ah , 24 illustrates a number of fea- 
tures that may be encountered in this cate- 
gory. The data are given in Table i. 

The patient, a middle-aged woman with 
long-standing bronchial asthma, chronic 
pulmonary emphysema, cor pulmonale and 
polycythemia, was admitted to the hospital 
with extreme obstructive dyspnea and in 
marked right-sided failure. As shown in 
Table i there was marked arterial anoxia, 
polycythemia, hypervolemia, pulmonary 
hypertension, right-sided congestion and a 
cardiac output nearly twice the normal. 
Digoxin resulted in a small further increase 
in cardiac output, rise in pulmonary artery 
systolic pressure and fall in end diastolic 
right ventricular pressure (i.e., central 
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venous pressure) — a typical digoxin re- 
sponse in this type of case. The recovery of 
this patient, however, following use of 
bronchodilator drugs and repeated phle- 
botomy was associated with a drop in 
cardiac output to normal and marked 


Additional evidence for this concept Was 
provided by'Hickam and Cargill 11 " who 
found that cardiac patients actually do fail 
to increase cardiac output in exercise and 
furthermore that pulmonary arterial pres- 
sures increase further during exercise, sug- 


Table 1 


Patient A. D., a female, aged fifty-five. 

Diagnosis: Bronchial asthma, pulmonary emphysema, polycythemia, cor pulmonale, congestive heart failure 
Residual air — total capacity ratio = 40 per cent 


] 
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Oo sat- 
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10.0 
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66 

86 minutes after digoxin 

61 

159/75 

75/26 

75/4 

11.6 

7.0 




3 wks. later: fully compensated 

79 

142/79 

30/13 


6.0 

3.8 

3630 
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improvement in arterial oxygen saturation. 

To explain this interesting sequence of 
events it is suggested that the combination 
of anoxia, polycythemia and hypervolemia 
was associated with overfilling of the right 
ventricle, incomplete emptying during sys- 
tole but a sustained “compensatory” in- 
crease in cardiac output, some increase in 
cardiac emptying with digoxin and decrease 
in venous congestion. Resolution of the 
state of congestive failure occurred following 
relief of anoxia and hypervolemia. 

Not all patients, however, respond in 
this manner. Howarth, McMichael and 
Sharpey-Schafer 20 report some instances in 
which intravenous digoxin resulted in a 
decrease in cardiac output. 

Congestive Heart Failure: “ Low Output ” 
Forms: Intrinsic Myocardial or Valvular Heart 
Disease. It has long been known that one 
of the earliest, if not the earliest, of the mani- 
festations of diminished cardiac reserve is 
the decrease in maximum oxygen consump- 
tion that can be achieved during exercise , 26 
and it has been supposed that this is due to 
a lack of adequate increase in cardiac out- 
put, presumably a left ventricular failure. 
This occurs in cardiac subjects apparently 
compensated and with no signs of conges- 
tive failure. 


gesting additional pulmonary congestion 
from inadequate left ventricular emptying. 

In the course of a progressively diminish- 
ing cardiac reserve, in chronic arterio- 
sclerotic or rheumatic heart disease, the 
point at which resting cardiac output falls 
below normal probably varies widely from 
patient to patient; also the point at which 
frank left-sided congestive failure or right- 
sided congestive failure makes its appear- 
ance is similarly variable. It is certainly true 
that very low cardiac outputs can exist, 
especially in the presence of cardiac ar- 
rhythmias, in patients at least partially 
ambulatory with no congestive failure at 
rest. 

Cournand, Ferrer, Harvey and Cath- 
cart 26 have recently studied a series of 
arteriosclerotic or rheumatic subjects with 
enlarged hearts, but not in the congestive 
state. Pressures and cardiac outputs were 
normal. With digoxin the response was 
that of a normal heart — decrease in cardiac 
output ,and no change in venous pressutes. 
This suggests that the heart volume in these 
patients at rest was optimal for caidiac 
performance, i.e., not overdilated. How 
much of the cardiac enlargement was hyper - 
trophy of cardiac walls and how much en- 
largement of the cardiac chambers could 
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not be determined. It is possible that with 
marked cardiac hypertrophy the physio- 
logic intraventricular volume is larger than 
with normal-sized cardiac muscular walls. 

Left Ventricular Failure. > Harvey, Ferrer 
et al. 24 have reported a series of five cases 
of left ventricular failure, the patients being 
treated with intravenous digoxin. The re- 
sults are consistent and striking — before 
administration of the drug cardiac output 
was very low, pulmonary artery pressures 
increased, right ventricular end diastolic 
pressures normal, blood volume normal; 
after digoxin cardiac output increased, pul- 
monary arterial pressures fell and right 
ventricular end diastolic pressures did not 
change. The effect of digoxin was thus 
apparently a primary action on the left 
ventricular myocardium, a more complete 
emptying of this chamber during systole 
resulting in an increased cardiac output and 
decreased pulmonary congestion. There was 
no evidence in these studies of a peripheral 
venodilator action of digoxin, as suggested 
by McMichael and Sharpey-Schafer. 27 The 
data are comparable to some of those re- 
ported by Bloomfield et al. 28 on the effects 
of ouabain, except that the latter caused a 
rise rather than a fall in pulmonary artery 
pressures. 

These data on left ventricular failure are 
of interest also from the point of view of salt 
and water balance and development of 
edema. They were patients chronically in 
failure, with very low cardiac outputs, and 
yet who exhibited no tendency to develop 
edema as the “forward failure” hypothesis 
of cardiac edema would demand. Studies 
of the renal circulation in this type of case 
are obviously indicated and these are in 
progress. 

Combined Right and Left Ventricular Failure: 
Action of Digitalis. Two series of cases have 
been reported, by McMichael and Sharpey- 
Schafer 2 ' and Stead, Warren and Brannon. 29 

The measurements of the circulation dur- 
ln § decompensation were similar in both 
scries, as were the effects of intravenously 
administered digoxin or lanatoside C. There 
Was a sharp and rapid drop, within ten to 
twenty minutes, in a previously elevated 
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right auricular pressure and a large increase 
in cardiac output taking place within one 
to two hours. Arterial blood pressure tended 
to rise, but relatively less than cardiac out- 
put, so that the net result was a fall in 
peripheral resistance. Blood volumes were 
presumably initially increased in both series 
although these were not actually measured. 

In the studies of Stead et al., following 
lanatoside C, the same changes also oc- 
curred in three patients with severe anemia 
and increased initial cardiac outputs. The 
cardiac output increase was found in pa- 
tients in whom the heart rate showed no 
significant change as well as in those in 
whom it was markedly slowed. 

McMichael and Sharpey-Schafer noted 
the similarity of these effects of digoxin to 
those encountered after venesection, or 
tourniquets applied to the limbs in patients 
with congestive failure. They also found 
that right auricular pressure fell (although 
only by 1 to 2 cm. saline) in normal subjects 
given digoxin while at the same time the 
cardiac output was decreased. The same 
observations were made in patients with 
chronic pulmonary disease. They therefore 
argued that peripheral venous dilatation 
might be a primary action of digoxin. 

The present writer is inclined to hold • 
to a primary myocardial action of digitalis 
because of the studies of left ventricular 
failure already mentioned and because of 
much sound pharmacologic work on the 
action of digitalis on the heart muscle. 

However, whether the response is primary 
or secondary, the fact remains that with 
increase in cardiac output associated with 
digitalization, systemic venous congestion 
diminishes: there is less blood in the central 
venous reservoir. As McMichael notes 2 this 
blood must go somewhere. The amount that 
could be accounted for by slight arteriolar 
dilatation is negligible. On clinical grounds 
it would seem highly unlikely that the extra 
blood goes to the lungs because one of the 
earliest manifestations after digoxin is that 
the patients can breathe much more easily 
and, of course, pulmonary arterial pressures 
decrease. The blood must withdraw, so to 
speak, into some venous depot when the 
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cardiac output is increased, perhaps into the 
muscle depots. 

The progressive changes, whether of com- 
pensation or decompensation, involving 
blood volume and total tissue fluids, con- 
stitute a further problem. 

Origin and Development oj Systemic Venous 
Congestion and Edema. Both the “forward 
failure” hypothesis and the “backward 
failure” hypothesis of renal dysfunction in 
congestive heart failure leading to salt and 
water retention and edema have been pre- 
sented in considerable detail in the previous 
papers of this series 2,9 ’ 10 ' 14 - 30 and need not 
be reviewed again. A few clinical consider- 
ations may, however, be mentioned. 

The association of a tendency toward 
fluid retention in subjects with impaired 
heart action is of course axiomatic. This has 
been established quantitatively by Stead, 
Merrill and their collaborators 9,10 in their 
demonstration of the correlation between 
decreased renal blood flow and decreased 
cardiac output. Furthermore, excess body 
fluid with increased blood volume can by 
itself induce congestive heart failure. This 
has been encountered not infrequently in 
cases of excessive parenteral administration 
of fluids, for example in postoperative 
situations. The excess fluid and hyper- 
volemia of water-retention nephritis and 
the action of desoxycorticosterone probably 
cause heart failure in large part on these 
mechanical grounds although arterial hy- 
pertension is obviously another factor. The 
studies of Warren and Stead, 31 in which 
administration of salt and water to previ- 
ously compensated cardiac patients with 
development of edema before any venous 
pressure elevation occurred, offer further 
evidence for the forward failure hypothesis 
of edema formation. 

This hypothesis, however, does not appear 
to be adequate as the sole explanation for 
fluid retention in congestive heart failure. 
It does not explain why patients with low 
cardiac output with strictly left ventricular 
failure or those with low cardiac output with 
no congestion do not retain fluid. It does 
not explain why diuresis may take place in 
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recovery from congestive failure, with no 
increase in renal blood flow or in glomeru- 
lar filtration rate. 30 

The venous congestion, or backward 
failure hypothesis, as a mechanism of fluid 
retention and edema in congestive heart 
failure is also valid. That such venous con- 
gestion can occur with the failing heart and 
can be sustained has already been shown. 
The key to this as a means of water retention 
has been provided by the experiments of 
Blake, Wegria, Keating and Ward, 32 show- 
ing that increased renal vein pressure above 
150 mm. saline results in increased tubular 
sodium and water reabsorption. This would 
provide an explanation for salt and water 
retention secondary to venous congestion. 

A clinical study demonstrating a primary 
rise in venous pressure, with developing 
failure, is that of Reischman and Grant 33 in 
which withholding of digitalis from pre- 
viously compensated patients resulted in 
rise of venous pressure, presumably from 
inadequate cardiac emptying, before the 
appearance of weight gain. 

It is, of course, true that high venous pres- 
sures can exist, as in constrictive pericarditis 
and other mechanical obstructive conditions, 
without development of salt and water 
retention and general edema. 

In the present state of knowledge it would 
seem, as Bradley and Blake have con- 
cluded 30 that both alterations in renal 
plasma flow and glomerular filtration and 
alterations in tubular function may operate 
in the production of cardiac edema. There 
may well be other factors, too. 

Consequences of Congestive Heart Failure on 
Peripheral Functions, Pulmonary, Visceral, Etc. 
These have been well covered by Paine and 
Smith 14 in their review and by McMichaeh 
and need no further emphasis. 

CONCLUSIONS 

Much has been added to the knowledge 
of congestive heart failure in recent years, 
particularly through the measurements of 
renal function and the measurements made 
possible by cardiac catheterization. 

One of the basic phenomena of congestive 
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heart failure appears to be inadequate ven- 
tricular emptying during systole. The Star- 
ling principle, whether or not it applies to 
the normal heart, does apply to the heart 
approaching and in failure. At an early 
stage it is probable that increased ventricu- 
lar dilatation during systole results in an 
increased systolic output, the cardiac output 
thus being maintained to satisfy “tissue 
needs.” Even an increased ventricular dias- 
tolic pressure (also requiring increased 
venous pressure) at times may be a favorable 
compensation, maintaining cardiac output, 
as in some cases of anemia. 

Such compensation, however, eventually 
becomes excessive, and the overdilated ven- 
tricle passes into the end stage in the Starling 
curve, with decreased stroke volume and 
decreasing cardiac output. 

The argument is presented that the con- 
gestive state as such is a form of heart 
failure, being failure in terms of intravascu- 
lar and intracardial pressure rather than 
in terms of blood flow. 

The manner of development and mainte- 
nance of the congestive state is variously 
explained. In left ventricular failure it is 
probably correct to assume simply that 
pulmonary congestion is caused in the first 
instance by failure of emptying of the left 
ventricle accompanied by adequate systolic 
output by the right ventricle. 

In those forms of incipient failure in which 
salt and water retention occur early, in 
accordance with the forward failure hy- 
pothesis of Stead and Merrill, right-sided 
congestion develops secondary to increased 
blood volume. On the other hand, in the 
cases in which inadequate right ventricular 
emptying occurs first, with increased dias- 
tolic and venous pressures secondary to this, 
the congestion appears before the hyper- 
volemia. There is still another group in 
which cardiac output is low and yet no 
increase in venous pressure or general con- 
gestion is found. Just why the congestive 
state does develop in one group and not in 
another is not wholly clear. In most in- 
stances anything that can be done to pre- 
vent blood from accumulating in venous 
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reservoirs under high pressure is of advan- 
tage to tissues and circulation alike. 
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Rheumatic Heart Disease with Respiratory 

Failure* 


S tenographic reports, edited by Robert J. Glaser, m.d. and David E. Smith, Jr., m.d., 
of weekly clinicopathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


T he patient, N. M., (B. H. No. 
163110), was a sixteen year old, 
white school girl who entered the 
emergency room of the Barnes Hospital on 
September 3, 1948, complaining of short- 
ness of breath, fever and general malaise. 
The family history was non-contributory. 
The patient was born with a left spastic 
hemiplegia, presumably due to birth injury, 
but considerable function returned on the 
involved side during her lifetime. She 
apparently had had no significant illness 
other than that which ultimately led to her 
admission; no history of any operations was 
obtained. 

At the age of eight the patient had chorea. 
The episode lasted about six months, and 
during the next three years there were 
several recurrences, each of which appeared 
during the winter months. At the time of 
the last bout of chorea the patient was 
admitted to the St. Louis Children’s Hos- 
pital where her mother was told that the 
child had rheumatic heart disease. Follow- 
ing discharge she remained well, except for 
slight shortness of breath on exertion, until 
eight months before admission when she 
developed a chill which was followed by 
fever and cough. She was seen by a private 
physician and a diagnosis of “flu” was 
niade. Although the acute episode lasted 
but a short time, the patient never regained 
ber previous state of good health. Weakness, 
low grade fever, moderate dyspnea on 
exertion, intermittent aching of the shoulder 


and ankle joints without demonstrable 
signs of inflammation and pain in the 
muscles occurred to such a degree that the 
patient was forced to remain home from 
school. She was confined to bed, however, 
for only a small portion of the total time 
that she was ill. 

Three months before entry dyspnea in- 
creased and the patient was given 0.1 mg. 
of digoxin daily, with some resultant im- 
provement. Two months prior to admission 
she developed night sweats, and some weeks 
later a mild cough productive of a small 
amount of white mucoid sputum began; 
concomitantly, the dyspnea grew worse. 

Five days before entry the patient had 
a mild chill, felt feverish, became nauseated 
and vomited several times. She then appar- 
ently felt moderately well until thirty-six 
hours before entry when she had another 
chill. Twenty-four hours before admission 
she became extremely short of breath and 
complained of rapid pounding of heart. 
That night she was forced to sit up in bed 
in order to breathe. Her temperature was 
103°f. and she was seen by her physician 
who prescribed penicillin. She complained 
of sharp pain in the right chest on deep 
inspiration, and nausea and vomiting re- 
curred. In addition to digoxin she had 
apparently received considerable amounts 
of salicylates until three weeks before her 
entry to the Barnes Hospital. 

At the time of admission her temperature 
was 39.7°c., pulse 128, respirations 36 and 
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blood pressure 110/70. The patient was a 
thin, pale girl who was mildly orthopneic. 
Respirations were rapid and shallow. The 
skin was hot and dry, but no petechiae were 
seen and there was no apparent cyanosis. A 
few slightly tender lymph nodes were 
present in the anterior cervical, axillary 
and inguinal regions. These measured 
to 2 cm. in diameter. The pupils reacted 
normally to light and accommodation and 
the optic fundi were normal. Examination 
of the upper respiratory tract showed mild 
reddening of the pharynx but no other 
significant findings. Several teeth were 
carious. The neck veins were not distended 
and the thyroid gland was not enlarged. 
Examination of the lungs revealed them to 
be resonant to percussion. A few moist rales 
were present at the right base. Examination 
of the heart revealed that the left border 
dullness extended 9 cm. to the left of the 
mid-sternal line in the fifth interspace. 
The apex beat was strong and diffuse; a 
thrill was palpable but because of the 
extremely rapid rate it could not be timed. 
The rhythm was regular except for an 
occasional extrasystole. A loud, harsh, 
grade iv systolic murmur was heard at the 
apex and was transmitted toward the ster- 
num. It faded, however, toward the base. 
There was a low pitched rumble at the apex 
which could not be accurately timed but 
which was presumed to be diastolic. A 
blowing grade u systolic murmur was heard 
over the pulmonic area. The pulmonic 
second sound was accentuated. The ab- 
domen was soft and flat. The liver edge 
was felt 1 to 2 cm. below the right costal 
margin and was somewhat tender. The 
splenic tip was palpable at the costal 
margin and was soft but quite tender. No 
costovertebral angle tenderness was elicited. 
There was slight weakness and spasticity 
of the left arm and leg, both of which were 
smaller than the corresponding extremities 
on the right. The deep tendon reflexes were 
hyperactive on the left and a questionable 
Babinski sign was present on that side. 
There was no edema or evidence of joint 
inflammation. 


The laboratory findings were as follows: 
Blood count: red cells, 4,200,000; hemo- 
globin, 12 Gm. per cent; white cells, 20,800; 
differential count: stab forms, 19 per cent; 
segmented forms, 63 per cent; monocytes, 
18 per cent. Urinalysis: specific gravity, 
1.029; albumin, 3 + ; sugar, negative; cen- 
trifuged sediment, several granular casts, 
10 to 15 white cells and 1 to 2 red cells per 
high power field; acetone, 1+; urine 
culture, no growth. Stool: not obtained. 
Blood Kahn test: negative. Blood cultures: 
negative. Throat culture: non-hemolytic 
Staphylococcus albus, non-hemolytic strep- 
tococci. Blood chemistry: non-protein nitro- 
gen, 36 mg. per cent; total protein, 5.6 Gm. 
per cent; albumin, 3.3 Gm. per cent; 
globulin, 2.3 Gm. per cent; chloride, 102 
mEq./L.; cephalin-cholesterol flocculation 
test, 1 +; thymol turbidity test, 5 units; 
venous pressure, 150 mm. of saline; circula- 
tion time (decholin), 18 seconds. Electro- 
cardiogram: right axis deviation and sinus 
tachycardia; abnormal T waves suggestive 
of auricular enlargement. 

On admission to the ward the patient was 
given oxygen by nasal tube, large doses of 
penicillin and 0.2 mg. of digitoxin daily. 
On the evening of the first hospital day a 
distinct diastolic murmur was heard at the 
'mitral area. The patient’s condition was 
unchanged; rales persisted at the right base 
and distant wheezing with prolonged ex- 
piration was audible over both lung fields. 
The patient did not produce any sputum. 
On the following morning her temperature 
was 38°c., pulse rate 90 and respirations 
36 per minute. Inspiratory musical rales 
were heard over the lower half of both lung 
fields and a few crepitant rales were also 
present. Dyspnea was mild and the patient 
seemed considerably improved. Later that 
day, however, dyspnea increased. Intra- 
venous aminophylline was injected without 
beneficial effect, and 0.4 mg. of lanatoside 
C was given intravenously. Oxygen was 
administered with a positive pressure mask. 
Several hours later the patient was again 
distinctly improved and felt apparently 
quite well for about one hour. Her tempei- 
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ature then rose to 40.5°c., her pulse rate to 
152 and respirations to 50 per minute. 
Moist crepitant rales and coarse ronchi were 
heard throughout both lung fields. Tourni- 
quets were applied. Her respirations became 
more rapid and full-blown pulmonary ed- 
ema developed. She died shortly thereafter. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: I shall ask 
Dr. Grunow to present the x-ray findings at 
this time. 

Dr. Otto H. W. Grunow: A chest film 
taken on the day after the patient was 
admitted to the hospital showed that the 
heart was globular in contour and somewhat 
enlarged both to the right and to the left. 
The aortic arch was inconspicuous. The 
right auricle was prominent. The left 
border was rather convex and thus con- 
sistent with the diagnosis of mitral valvular 
disease. The hilar shadows were increased 
in density and there was increased promi- 
nence of markings extending into the 
parenchyma of the lungs, particularly on 
the right. The soft hazy infiltration was 
thought to be compatible with an acute 
infectious process; the costophrenic angles 
were clear. 

Dr. Alexander: This case presents a 
most interesting problem, and we shall 
attempt to identify the etiology of the 
febrile illness which led to this child’s death. 
This patient had chorea on at least three 
separate occasions, and during the third 
episode was seen at the Children’s Hospital 
at that time her mother was told that the 
child had rheumatic heart disease. Pre- 
sumably then, although none of the other 
signs of acute rheumatic disease such as 
arthritis or carditis had been manifest, she 
did develop heart disease by the age of 
eleven. Dr. Smith, will you discuss the 
relationship between chorea and rheumatic 
fever? 

Dr. John R. Smith: It has long been 
known that chorea is the most common 
manifestation of rheumatic involvement of 
die central nervous system and not in- 
frequently, as was the case here, chorea may 
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occur in the absence of any other symptoms 
or signs of acute rheumatic fever. In some 
children chorea is not followed by any 
permanent cardiac damage whatsoever. I 
think there is no question, however, that in 
many cases rheumatic heart disease de- 
velops as a sequel to chorea. 

Dr. Alexander: It is often stated in the 
literature that chorea is much less apt to be 
followed by permanent valvular damage 
than is acute rheumatic fever with poly- 
arthritis. I take it that you do not agree 
with that statement, Dr. Smith? 

Dr. Smith: No, I do not. 

Dr. Edward Massie: I believe, as Dr. 
Smith does, that chorea is very often 
followed by rheumatic heart disease, proba- 
bly almost as often as is classical poly- 
arthritic rheumatic fever. It should be 
pointed out that chorea is more frequent in 
females than males, the ratio often being 
given as approximately three to one. 

Dr. Alexander: Dr. O’Leary, this pa- 
tient’s last episode of chorea occurred at 
least five years before her death. Do you 
believe that any demonstrable lesions will 
be found in the brain? 

Dr. James L. O’Leary: The situation 
here is rather complicated since the patient 
had a left spastic hemiplegia at birth. On 
that basis one would expect a reduction in 
the size of the right internal capsule, 
probably some diminution in size of the 
basal ganglia and, as a matter of fact, the 
entire right hemisphere may be smaller 
than the left. I doubt that specific choreic 
lesions would be present five years after 
the last bout, but it is conceivable that they 
might be demonstrated. 

Dr. Alexander: Are the lesions of chorea 
specific? 

Dr. O’Leary: They are said to be 
pathologically similar in nature to Aschoff 
nodules. There is some controversy among 
neuropathologists, however, as to the speci- 
ficity of the lesion described in chorea. 

Dr. Alexander: This patient was appar- 
ently well for a number of years before her 
final illness. Although she became ill 
approximately eight months before entry. 
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the acute terminal episode began only a 
few days before admission and was char- 
acterized by high fever and severe respira- 
tory symptoms. Dr. Glaser, how do you 
interpret her clinical course during the last 
few months of life? 

Dr. Robert J. Glaser: It seems quite 
clear that this girl had rheumatic heart 
disease. Further information in regard to 
the findings during her last few months of 
life would be most helpful in enabling us to 
evaluate her course. For example, if we 
knew how advanced her cardiac disease was 
the relative importance of cardiac failure 
could be better estimated. Many of her 
symptoms prior to entry were suggestive of 
congestive failure. I think, however, that 
this patient probably developed acute 
rheumatic fever — a not unusual occurrence 
in such a patient as this one — and further- 
more, that she not only had carditis but 
also rheumatic pulmonary involvement. 
Although rheumatic pneumonitis is not 
especially common, it seems to be a well 
described entity. 

Dr. Alexander: In other words, you 
believe that this was a “smoldering” 
rheumatic process which became acute and 
severe toward the last few days of her life. 
Are there any other comments? 

Dr. Thomas H. Hunter: I think that 
Dr. Glaser’s suggestion merits strong con- 
sideration, but one of the other possibilities 
which must be ruled out is that this patient 
developed subacute bacterial endocarditis 
eight months before her demise. There are 
certain features which are compatible with 
that diagnosis. We are told that she received 
salicylates for a three-week period, and we 
also know that she received some penicillin. 
Although the dosage of salicylates given her 
is not known, she apparently made no 
response to them. It is, of course, true that 
patients with acute rheumatic fever do not 
always respond to salicylates but, on the 
other hand, it is conceivable that the lack 
of response indicated that some other process 
such as subacute bacterial endocarditis may 
have been responsible for the illness. The 
failure to respond well to penicillin does not 


constitute strong evidence against the diag- 
nosis of subacute bacterial endocarditis 
since she probably did not receive adequate 
amounts of the antibiotic. Against the 
diagnosis, however, is the absence of obvious 
embolic phenomena, unless the few red 
cells in the urine are accepted as evidence 
of embolization. On the other hand, she had 
definite renal dysfunction as indicated by 
the elevated non-protein nitrogen; although 
azotemia may have arisen on another basis, 
it is well known that long-standing bacterial 
endocarditis may lead to significant renal 
damage. Most patients who have had 
bacterial endocarditis for eight months 
would have more marked anemia than did 
this patient. 

Dr. Alexander: It should be mentioned 
that the patient’s spleen was described as 
tender; that observation is consistent with 
the diagnosis of bacterial endocarditis. 

Dr. Glaser: How many blood cultures 
were obtained? 

Dr. Ernest T. Rouse: Two were taken 
and both were negative. 

Dr. Alexander: Are there other diag- 
noses to be suggested, or shall we consider 
only the two proposed by Drs. Glaser 
and Hunter? 

Dr. W. Barry Wood, Jr. : I should like 
to ask Dr. Grunow if the findings in the 
chest film were compatible with Lutem- 
bacher’s syndrome which is characterized 
by patent foramen ovale and mitral 
stenosis. It comes to my mind in view of the 
fact that the x-ray findings suggested a 
large right auricle and a small aorta. There 
is no statement as to whether the patient 
had been fluoroscoped, but fluoroscopy in 
Lutembacher’s syndrome often reveals the 
so-called “hilar dance.” 

Dr. Grunow: We had only a postero- 
anterior film of the chest, and the findings 
were entirely in keeping with rheumatic 
valvular disease. I cannot rule out Lutem- 
bacher’s syndrome. 

Dr. Alexander: Dr. Goldman, would 
you comment on rheumatic pleurisy and 
rheumatic pneumonitis? 

Dr. Alfred Goldman: Rheumatic pleu- 
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risy is a well accepted manifestation of 
acute rheumatic fever. I think there is 
perhaps a bit more controversy in regard 
to rheumatic pneumonitis since some pa- 
thologists apparently are unwilling to accept 
that diagnosis without qualification. There 
are many descriptions in the literature of 
forms of pneumonitis occurring in associa- 
tion with acute rheumatic fever. These vary 
from lesions in the pulmonary arteries to 
actual interstitial inflammation in the 
alveoli. Some of the findings such as edema 
may be seen in heart failure per se, hence the 
pathologic picture is not always as clearcut 
as might be desired. I do not believe that 
Aschoff bodies are actually found fre- 
quently in association with acute pneu- 
monitis but they have been described and 
constitute strong evidence for the entity of 
rheumatic pneumonia. 

Dr. Wood: A recent paper in the Annals 
of Internal Medicine from the New Haven 
Hospital described six cases of rheumatic 
pneumonia which occurred in a series of 
one hundred patients with acute rheumatic 
fever . 1 All six of the patients so affected 
died. The lesions were described in great 
detail by the pathologists, and I think the 
most important factor clinically was that the 
patients all exhibited severe dyspnea and 
signs of pulmonary involvement without 
much evidence of congestive heart failure. 
All had pulmonary involvement at post- 
mortem examination. I think that the case 
under discussion today is entirely in keeping 
with this report, and I agree with Dr. Glaser 
and Dr. Goldman that the patient probably 
had acute rheumatic pneumonitis. 

Dr. Massie: This girl had at least two 
chills and perhaps a third one. I think that 
finding is described in rheumatic pneu- 
monia. In acute rheumatic fever without 
pulmonary involvement severe chills are 
certainly uncommon. In the absence of any 
evidence of pulmonary involvement the 
chills would be quite suggestive of subacute 
bacterial endocarditis but in view of the 

Seldin, D. tV., Kaplan, H. S. and Bunting, H. 
Rheumatic pneumonia. Ann. Ini. Med., 26: 496, 1947. 
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evidence of pneumonia they do not help to 
differentiate between the two diagnoses. 

Dr. Wood: Actually many patients with 
rheumatic heart disease develop secondary 
bacterial pneumonia as a complication of 
congestive heart failure, and it is this fact 
which makes many pathologists reluctant to 
recognize rheumatic pneumonia as an 
entity. The question always arises as to 
whether the pneumonia is secondary to 
heart failure or is a manifestation of rheu- 
matic fever per se. The pneumonic lesions 
ascribed to rheumatic fever in the article 
to which I referred seem convincing; 
further, Dr. Arnold Rich has shown that 
experimental lesions very similar to those 
seen in patients with rheumatic pneumonia 
may arise on the basis of hypersensitivity . 2 

Dr. Alexander: Dr. Massie, what car- 
diac lesions do you believe will be present? 

Dr. Massie: The answer to your question 
would be much simpler were this rheumatic 
heart disease without acute rheumatic 
fever. It seems likely that the patient had 
mitral insufficiency and mitral stenosis. It 
is well known, however, that in acute 
rheumatic fever with rheumatic carditis, 
murmurs may appear and disappear in 
relatively short periods of time; thus the 
presence of a murmur during acute rheu- 
matic carditis does not necessarily indicate 
significant permanent valvular damage. 
Nonetheless, I think that this patient will 
have mitral stenosis and insufficiency. 

Dr. Alexander: Do you believe that the 
patient had cardiac failure? 

Dr. Massie: I am not at all sure that she 
did; as a matter of fact I favor rheumatic 
carditis, without failure, and rheumatic 
pneumonitis as the explanation of the final 
illness. 

Dr. Alexander: This patient had marked 
dyspnea on the night before she came into 
the hospital and had had some before that. 
Yet at no time did she have cyanosis or 

- Rich, Arnold R. and Gregory, John E. Experi- 
mental anaphylactic lesions of the coronary arteries of 
the “sclerotic” type, commonly associated with rheu- 
matic fever and disseminated lupus erythematosus. 
Bull. Johns Hopkins Hasp.. 81: 312, 1947. 
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edema and the circulation time and venous 
pressure were normal. The neck veins were 
not distended. On the basis of those findings 
it is rather difficult to make a diagnosis of 
heart failure, and acute rheumatic carditis 
may well explain most of her signs and 
symptoms. If this patient had had rheumatic 
carditis without pneumonitis, what would 
you have said of her prognosis, Dr. Massie? 

Dr. MASStE: The prognosis of acute 
fulminating rheumatic fever is bad, par- 
ticularly when there is marked evidence 
of carditis. I must repeat that I was im- 
pressed by the fact that she had several 
chills for they suggest to me pulmonary 
involvement. At the House of the Good 
Samaritan in Boston I saw a number of 
young children die with fulminating acute 
rheumatic fever. Many of these children 
had very impressive cardiac findings and 
high fever but no evidence of bacterial 
invasion of the lungs or blood stream. 

Dr. Glaser: Even if this patient did have 
some degree of heart failure her lack of 
response to the usual measures would have 
been quite characteristic of a patient with 
acute rheumatic carditis for it is well known 
that such patients do not respond to the 
therapeutic agents which are very effective 
in heart failure due to uncomplicated 
rheumatic heart disease. 

Dr. Alexander: Are patients in this age 
group likely to die of acute carditis if they 
do not have severe underlying valvular 
disease? 

Dr. Massie: The presence of chronic 
valvular disease has a deleterious influence 
in the prognosis of acute carditis. I doubt, 
however, that this girl had severe mitral 
stenosis. 

Dr. Wood: In the cases which were 
reported from New Haven all of the 
patients with rheumatic pneumonitis also 
had acute rheumatic carditis and almost 
all of them terminally had some degree of 
heart failure. Apparently the combination 
of myocardial and pulmonary involvement 
led to a fatal outcome. 

Dr. Axel R. Gronau: How frequently 
does one see acute, severe rheumatic 


carditis without abnormalities in the 
electrocardiogram? 

Dr. Massie: I believe the tracing in this 
case was definitely abnormal in that the T 
waves were very high and broad, suggesting 
auricular wall involvement. There was also 
marked right axis deviation. Some right 
axis deviation is not unusual at the age of 
sixteen but in this patient the degree was 
rather marked. Dr. Gronau probably was 
more interested in conduction defects, but 
none was seen here. 

Dr. Carl G. Harford: Did this patient 
receive penicillin after her admission? 

Dr. Rouse: Two blood cultures were 
taken as soon as she reached the ward, and 
then penicillin therapy was begun in large 
dosage. 

Dr. Alexander: In summary, I believe 
that we feel that this patient had acute 
rheumatic fever with acute carditis and 
probably acute rheumatic pneumonitis as 
well. Further, she had rheumatic heart 
disease with mitral stenosis and insuffi- 
ciency, and she may have had subacute 
bacterial endocarditis. 

Dr. Wood: Dr. Alexander, do you think 
that this patient had subacute bacterial 
endocarditis? 

Dr. Alexander: No, I do not. Do you 
still think so, Dr. Hunter? 

Dr. Hunter: No, I do not really think 
so, but I don’t see how it can be definitely 
ruled out. 

Clinical Diagnoses: Acute rheumatic fever 
with carditis and pneumonitis; ? subacute 
bacterial endocarditis. 

PATHOLOGIC DISCUSSION 

Dr. Clarence Pickard: When the chest 
was opened, the pericardial sac was found 
to contain 40 cc. of clear yellow fluid. The 
heart was enlarged, weighing 340 Gm. m 
contrast to the 180 to 200 Gm. which would 
be normal for the body weight of this 
patient. Dilatation and hypertrophy were 
especially advanced in the right ventricle 
and in the left atrium. The myocardium of 
the right ventricle measured 6 mm. in 
thickness. On the surface of the right atrium 
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there was a deposit of fibrin 5 cm. in 
diameter. There was fibrous thickening of 
the endocardium of the left atrium, the 
mitral valve and the endocardium of the 
left ventricle. The tricuspid valve was 
thickened moderately and on the free edge 
of one of its leaflets there was a clump of 
light tan, translucent verrucae to 2 mm. 
in diameter. The endocardium of the right 
atrium was slightly thickened. The mitral 
valve was thickened and fibrotic, and the 
normal indentations of the commissures of 
the leaflets were moderately obliterated by 
fibrous scar tissue. Although the ring 
measured 75 mm. in circumference, the 
opening through the valve leaflets was 
much smaller. A few small fresh verrucae 
were present on the edges of the mitral valve 
leaflets. The aortic and pulmonic valves 
were normal. The myocardium, aside from 
the hypertrophy, appeared grossly normal. 

There were 200 cc. of clear yellow fluid 
in each pleural space, and a few fibrous 
adhesions were noted over the upper and 
lower lobes of the right lung. Small deposits 
of fibrin were present on the pleural 
surfaces of each lobe. The lungs were large, 
firm and of a uniform, rubbery consistency. 
From their cut surfaces red foamy fluid 
oozed but there was no profuse bleed- 
ing. No focus of" bronchopneumonia was 
apparent. 

The other viscera examined were not 
grossly remarkable. 

Dr. Gustave J. Dammin: From the gross 
findings several diagnoses were made. The 
first was that of rheumatic heart disease as 
evidenced by chronic endocarditis involving 
the mitral valve with a moderate degree 
°f stenosis. In addition, there were several 
verrucae on the mitral valve as well as on 
the tricuspid valve; these indicated an 
acute, or at least a subacute, rheumatic 
process. There was fibrinous pericarditis, 
enlargement of the heart and widespread 
endocardial thickening, all of which afforded 
urther evidence of chronic and acute 
involvement of the heart by rheumatic 
fever. 

The second diagnosis concerned ^the 
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pulmonary involvement. The lungs ex- 
hibited the manifestations of pulmonary 
edema, but the gross appearance of the 
lungs was sufficiently different from that of 
ordinary pulmonary edema to suggest that 
this was an instance of rheumatic pneu- 
monia, and that diagnosis was made on the 
basis of the gross specimen. It is difficult to 
define the gross characteristics of rheumatic 
pneumonitis and to differentiate it from the 
changes of subacute passive congestion. In 
this specimen the interstitial tissue was 
thickened, there was some fluid in the 
alveoli and the light color was more sug- 
gestive of pneumonia than is the darker 
color which one associates with chronic 
passive congestion. There also was fibrinous 
pleurisy and in each pleural cavity fluid 
was present. 

The first section (Fig. 1) is from the 
myocardium at the base of the left ventricle 
and shows an Aschoff nodule which has the 
fusiform shape associated with such nodules 
at the end of one or two months. Some of 
the cells within the nodule have very dense 
nucleoli and can be identified as Anitschkow 
cells. An outstanding and characteristic 
feature of these cells is the basophilic, rod- 
shaped nucleus which extends the entire 
length of the cell; the Anitschkow myocyte 
is the reticulum cell of the myocardium. It 
is believed by many that Anitschkow cells 
are the precursers of the Aschoff cells which 
form rheumatic nodules in the myocardium. 

Figure 2 is a photograph of a portion of 
the tricuspid valve. There is prominent 
vegetation, the outer surface of which is 
composed entirely of fibrin; a few fibro- 
blasts are present at the base of the vegeta- 
tion. These features constitute evidence of 
acute verrucous endocarditis of rheumatic 
origin. Just beneath the vegetation the valve 
structure is acellular and fibrous, indicating 
a chronic inflammatory process in the valve. 
In the base of the mitral valve (Fig. 3) 
there is an abnormal number of large 
vessels which indicate previous inflam- 
matory involvement; the valve has been 
thickened by a large amount of hyalinized 
collagen. 
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Fig. 1. Aschoff nodule of one to two months in age in the myocardium at the base of the left ventricle. 

Fig. 2. Acute verruca on the scarred leaflet of the tricuspid valve. 

Fig. 3. Dense collagenous scarring and thickening of a leaflet of the mitral valve with prominent vasculariza- 
tion, particularly on the right side of the field. 

Fig. 4. Intimal thickening of rheumatic arteritis in a small pulmonary vessel. 

In sections of the lungs there were apparent in a less highly magnified photo- 

anatomic changes, the appearance of which micrograph of the lung (Fig. 5) where there 

did not permit exact separation on an is shown infiltration of both polymorpho- 

etiologic basis. Some of the smaller arteries nuclear and mononuclear cells in the 

of the lungs were thickened, primarily in alveolar walls; fibrin is also seen in and 

the media, as occurs in pulmonary hyper- along the walls of some of the alveoli. In the 

tension. Other vessels showed the change fibrin there are a few polymorphonuclear 

illustrated in Figure 4 — proliferation of the leukocytes. These findings are indicative of 

intima without change in the media. This rheumatic pneumonia. We did not find 

change is one of the more characteristic the great number of hyaline thrombi which 

ones found when there is rheumatic involve- are commonly associated with rheumatic 

ment of the arteries, regardless of their pneumonia, nor did we see any foci in the 

location. It has been described in the alveolar walls of specific fibrinoid nodules 

vessels of the liver, pancreas, heart and which are described in this disease. There 

lungs. In this section macrophages are also were, however, many hemorrhages into 

seen. Although it is not apparent in the the alveoli, a common finding in rheumatic 

photomicrograph many of the macrophages pneumonia. The total picture was mter- 

contain large amounts of hemosiderin, preted as representing the changes of both 

evidence of some degree of chronic passive chronic passive congestion and of acute 

congestion. There is also some interstitial rheumatic pneumonitis, 

thickening and increased cellularity of the Microscopic examination of the liver 
alveolar walls. These features are more revealed a lesion which was entirely un- 

AMERICAN JOURNAL OF MEDICINE 



Clinico-pathologic Conference 789 



Fig. 5. Thickened and infiltrated alveolar walls and precipitated protein, fibrin and macrophages within the 
alveoli. The varied character of these changes indicates the combined effect of both congestion and rheumatic 
pneumonitis. 

Fig. 6. Section of the liver showing mid- one necrosis. 


expected from the gross appearance of the 
organ. In almost every hepatic lobule there 
was an area of necrosis, most often found in 
the mid-zone of the lobule. This finding is 
illustrated in Figure 6. Such necrosis is not 
the type that occurs usually with acute 
passive congestion tor it was removed from 
the portal and central veins. In fact, the 
congestion of the abdominal viscera was 
minimal. There are few references to 
changes in the liver in rheumatic fever. In 
May Wilson’s monograph on rheumatic 
fever, however, she refers to similar mid- 
zone necrosis which she noted in a very few 
of her cases. 3 

To summarize our findings then, there 
were the manifestations of chronic rheu- 
matic endocarditis with involvement of the 
endocardium and the myocardium, and of 
acute rheumatic carditis with involvement 
of the valves, the presence of Aschoff nodules 
m the myocardium and the presence of 
fibrinous exudate and fluid in the pleural 
cavities. 

flhere definitely were two distinct proc- 
esses in the lungs, and the degree to which 
each change contributed to the final picture 
cannot be accurately determined. Chronic 
passive congestion of the lungs was present 
although the terminal heart failure was 

t\iLSON, M. G. Rheumatic Fever. New York, 1940. 
Commonwealth Fund. 
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primarily that of the left heart; there was no 
fluid in the peritoneal cavity nor did any 
of the abdominal viscera show a significant 
degree of passive congestion. The passive 
congestion in the lungs was probably of 
short duration, but there was also pneu- 
monitis characterized by the presence of 
fibrin in the alveoli and interstitial infiltra- 
tion of the alveolar walls by mononuclear 
and polynuclear cells. The vessels in the 
lungs showed changes which were com- 
patible both with pulmonary hypertension 
of some standing and with rheumatic 
arteritis. Actually the rheumatic arteritis 
was healed for the change was primarily that 
of intimal thickening in the smaller arteries. 

The changes in the liver were rather 
unusual; as indicated there is only one 
reference in the literature to such changes. 
It is interesting that the thymol turbidity 
and the cephalin-cholesterol tests were 
normal. 

The brain was not examined. 

Anatomic Diagnoses: Chronic endocarditis 
of the mitral valve with moderate stenosis; 
acute verrucous endocarditis of the mitral 
and tricuspid valves; chronic and subacute 
rheumatic myocarditis; chronic passive con- 
gestion and edema of the lungs, moderate; 
acute interstitial pneumonitis involving all 
lobes of the lungs; focal necroses in the liver, 
primarily mid-zonal. 
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Gastric Alkalosis with Hypokalemia* 

Thomas J. Kennedy, Jr., m.d., John H. Winkley, m.d. and Marcelee F. Dunning, m.d. 

New York, New York 


alkalosis caused either by loss of 
/ \ gastrointestinal secretions or by 
1 \ excessive intake of alkali occurs 

frequently and the outstanding clinical and 
laboratory features of the syndrome have 
been thoroughly described. 1-18 Within the 
last few years reduction of the serum potas- 
sium concentration has been observed as an 
occasional feature of alkalosis in some cases 
due to Cushing’s syndrome, 19,20 congenital 
alkalosis with diarrhea 21 and gastric alka- 
losis. 22,23 In most of these instances the 
electrolyte composition of serum is abnor- 
mal in that the (K + ) and (Cl - ) are reduced 
while the (HC0 3 - ) is elevated. 

The major portion of the potassium con- 
tent of the body is contained not in the 
extracellular but in the intracellular fluid, 
about 70 per cent of which is muscle fluid. 
In each of the aforementioned clinical 
syndromes evidence indicating loss of intra- 
cellular potassium has been presented. 
Muscle cells in one case of Cushing’s 
syndrome with alkalosis 24 and in two cases 
of gastric alkalosis 23 have been shown to 
contain abnormally low concentrations of 
potassium and abnormally high concentra- 
tions of sodium. Balance studies 20,21,23,25,36 
have indicated that in the intracellular 
fluid (K + ) was low and that potassium was 
replaced by sodium. 

Potassium depletion in the rat, produced 
experimentally by low potassium diets (cf. 
congenital alkalosis with diarrhea and 
gastric alkalosis) and/or administration of 
large doses of desoxycorticosterone acetate 
(cf. Cushing’s syndrome) , has resulted in the 


development of an electrolyte disturbance 
characterized by alkalosis, elevation of 
serum (HCOz~), reduction of serum and 
muscle (K + ) and elevation of muscle 
(Na+). 27 

The therapeutic implications of these 
disturbances in electrolye composition of 
body fluids are important. In congenital 
alkalosis with diarrhea 28 and in Cushing’s 
syndrome with hypokalemia and alka- 
losis 19,20 use of potassium salts has been 
shown to be beneficial. The observation has 
been made that repair of the disturbance is 
not possible by administration of sodium or 
ammonium salts unless potassium salts are 
also employed. 

The case herein reported is one of gastric 
alkalosis in an adult with evidence of potas- 
sium deficiency treated successfully with 
potassium chloride in addition to sodium 
and ammonium chloride. 

CASE REPORT 

A forty-nine year old white male cabinet 
worker was admitted to this hospital with the 
chief complaints of weakness, anorexia, diar- 
rhea, weight loss and swelling of the extremities. 
Fourteen years before admission a posterior 
gastroenterostomy had been performed for 
epigastric pain. He was asymptomatic there- 
after until seven months before admission when 
the symptoms which brought him to the hospital 
appeared and became progressively worse. 
Work-up revealed clinical and laboratory 
evidence of malnutrition; a gastrojejunocolic 
fistula was demonstrated roentgenographically. 
Every effort was made to improve the patient s 
nutritional status preoperatively. His diarrhea 


* From the First (Columbia) and Third (New York University) Research Services and the Third (New or 
University) Surgical Division, Goldwater Memorial Hospital, New York, N. Y. and The Department of • c icine. 
College of Physicians and Surgeons, Columbia University and the Departments of Medicine and Surgery, Col ege o 
Medicine, New York University, New York, N. Y. 
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was brought under control and he regained 
15 of the 45 pounds which he had lost. Three 
months after admission the fistulous tract was 
excised en bloc, intestinal continuity was rees- 
tablished and a temporary cecostomy was done. 
Postoperatively there was only moderate drain- 

Table i 


SUMMARY OF AVAILABLE DATA ON FLUID AND ELECTROLYTE 
BALANCE DURING IMMEDIATE POSTOPERATIVE PERIOD 


Post- 

opera- 

tive 

Day 

Intake 

Output 

Parenteral 

Fluids 

cc./day* 

Oral 

Fluids 

cc./dayf 

Sodium 

Chloride 

mEq./day 

Wangen- 

steen 

Drainage 

cc./day 

Urine 

cc./day 

0 

3,000 


350 

2,400 

Unrecorded 

1 

4,000 


170 

3,000 

Unrecorded 

2 

6,500 


380 

4,000 

1,125 

3 

5,000 


340 

4,800 

900 

4 

3,000 

1.260 

280 

4,200 

550 

5 

4,000 

4,500 

415 

2,100 

1,100 

6 

6,000 

2,060 

555 


2,050 

7 

2,000 

3,560 

280 


1,850 

8 


3,600 

150 


1,900 


t * Includes whole blood, plasma, saline, dextrose in saline, dextrose in 
distilled water and amigen. 
t Includes milk, fruit juice and water. 


age (about 250 cc. per day) from the cecostomy 
tube. However, drainage from the intragastric 
suction ranged from 2 to 5 liters per day. 
(Table i.) Parenteral replacement therapy is 
listed in Table i. Apathy and drowsiness ap- 
peared and increased progressively from the 
second postoperative day, and by the sixth day 
most of the classical clinical and laboratory 
signs of alkalosis were present. 

Chemical determinations reported herein 
were performed by methods conventionally used 
in the study of acid-base disturbances. Hepa- 
rinized arterial blood was collected and handled 
anaerobically for all determinations. Values for 
(HC0 3 ) were calculated from the measured pH 
and total CO 2 content. Sodium and potassium 
were determined flame-photometrically. Con- 
centration of sodium (or potassium) per liter of 
erythrocytes, (Na + ) c was calculated from whole 
°od, (Na + ) wb _ and plasma (Na + ) p sodium 
concentrations by the formula: 

(Na + ) = (Na+) wb — (Na + )„(1 — Hematocrit) 
Hematocrit 

As can be seen from Table 11 the alkalosis 
initially was very severe and associated with 
'gh plasma (HC0 3 ~) and low plasma (K + ). 
iere was a striking deficit in erythrocyte 
V ) counterbalanced by an increased (Na + ). 
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The P C02 calculated from the data was 60 mm. 
Hg, quite in keeping with the patient’s slow, 
shallow respiration. Electrocardiogram showed 
a prolonged Q.-T interval. Renal function 
studies performed at the height of the alkalosis 
(Table in) showed reduction in filtration rate. 
Despite this and the reduction of plasma (K + ) 
the excretion rate of (K + ) was high (about 50 
mEq./day). Notwithstanding the severe alka- 
losis and greatly elevated plasma (HCO3 - ), the 
urine was unequivocally acid. 

When the nature and extent of the disturb- 
ance of the electrolyte structure of the patient’s 
body fluids was appreciated, intragastric suction 
was discontinued. Therapy with intravenous 
potassium chloride was started. The first 
7.5 Gm. induced only a slight but significant 
rise in the plasma (K + ), associated clinically 
with improvement in the patient’s state of con- 
sciousness. In the next thirty-six hours the 
patient received 10 Gm. of potassium chloride 
orally and 24 Gm. of ammonium chloride. On 
this regimen there was prompt clinical improve- 
ment and rapid reversion of the laboratory 
findings to normal. (Table n.) Physiologically 
correct concentrations of potassium and bi- 
carbonate in plasma and of potassium and 
sodium in erythrocytes were restored seventy- 
two hours after the beginning of therapy. The 
patient’s subsequent course, without further 
therapy, was uneventful. 

COMMENTS 

Depletion of the total body K + , a feature 
of gastric alkalosis which has heretofore not 
been emphasized in the adult, was assumed 
to exist in this case on the basis of low 
plasma and erythrocyte (K + ). Darrow 27 
has shown that in the rat a reciprocal rela- 
tionship exists between the (Na + ) and (K + ) 
of muscle cells and that the latter varies 
inversely with the serum (HC 03 ~)- While 
the data on erythrocyte cation composition, 
as computed by difference, are liable to 
large errors and are less useful than when 
in terms of concentration in cell water, the 
conclusion is probably valid that erythro- 
cyte K + had been replaced by Na + at the 
height of the alkalosis. When the (HC0 3 — ) 
returned to normal, the erythrocyte (K + ) 
was restored. The relationship, therefore, 
between erythrocyte (Na + ) and (K + ) and 
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plasma (HC0 3 — ) in this patient was com- 
parable to that observed by Darrow in rat 
muscle and serum. 

The depletion of body potassium in an 
individual whose intake was essentially zero 
probably resulted from a combination of 


severe metabolic alkalosis has been reported 
previously. 31 We have not remeasured this 
patient’s inulin clearance. However, the 
variation in blood urea nitrogen levels 
rising from normal preoperatively to 45 mg. 
per cent on the fifth postoperative day, to 


Table ii 

SUMMARY OF DATA ON BLOOD ELECTROLYTE COMPOSITION 


Post- 

operative 

Plasma 

| Erythrocyte f 

, 

pH 

Na + 

mEq./L. 

K + 

mEq./L. 

Cl- 

mEq./L. 

Total 

CO. 

mM./L. 

hco 3 - 

mEq./L. 

Hemato- 

crit 

Per Cent 


K + 

mEq./L. 

Day 

Time 

6 

1 

9 P.M. 

7.59 

138 

1.71 

68 

56.6 

54.8 

40 

45 

69 

7 

10 A.M. 

7.55 

138 

2.04 


56.1 

54.1 




8 

10 A.M. 


136 

3.46 

94 

34.1 





10 

10 A.M. 

7.46 

137 

3.67 

100 

27.1 

25.9 

40 

5 

96 


* Between 1 a.m. and 10 a.m. on the seventh postoperative day the patient received 7.5 Gm. of KC1 parenterally. 
t Expressed as per liter of erythrocytes. 


Table iii 

SUMMARY OF RFNAL FUNCTION STUDIES 


Total 

Concurrent 

Time 

Minutes 

Plasma 

K+ 

mEq./L. 

Urine 

Flow 

ml. /min. 

Inulin 

Clearance 

ml. /min. 

Excreted 

Urine 

pH 

K + 

MEq. /min. 

NHj + 

MEq. /min. 

Titratable 

Acid 

MEq. /min. 

-60 


Infusion 

started contair 

ling NaCl 143 

mEq./L. at 6 : 

ml. /min. 


0-17 

1.80 

2.00 

75 

39 

34 

15 

5.90 

17-39 

1.82 

2.00 

78 

36 

34 

16 

6.09 

39-56* 

1.78 

1 .71 

66 

26 

35 

15 

6.00 


56 

121-142 

142-163* 


2.01 

2.09 


Infusion changed to NaCl 130 mEq./L. KCL 50 mEq./L. at 6 ml. /min 


1.57 

1.43 


76 

66 


27 

19 


35 

28 


14 

13 


6.14 

6.10 


The data suggest that urine collections in these two periods were incomplete. 


loss of gastrointestinal secretions (containing 
an average of 7 mEq. / L. of K + )* and failure 
of the kidney to retain this ion in the face of 
severe depletion. The long antecedent 
period of diarrhea may have been a con- 
tributing factor as in the sprue syndrome. 29,30 

The inulin clearance was somewhat low. 
Temporary depression of filtration rate in 

* While this figure represents an average from the 
literature, it is noteworthy that gastric secretions have 
concentrations of K + averaging about 20 mEq./L. and 
ranging up to 30 mEq./L. 45-50 


55 mg. per cent on the sixth and back to 
28 mg. per cent on the seventh suggests that 
the observed azotemia was attributable, in 
part, to an acute depression of filtration rate. 

More serious renal damage manifested by 
prolonged elevation of the blood urea 
nitrogen, hypertension, marked oliguria or 
anuria, hematuria, proteinuria and cylin- 
druria have been frequently reported in 
association with the metabolic alkalosis 
induced by loss of gastrointestinal secretions 
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or by excessive intake of alkalies. 1 ' 5,9 ' 18 '" 32 ' 35 
While in some instances pre-existing renal 
damage was known to have been present, in 
others renal function was quite normal 
before the episode of alkalosis. The damage 
usually proved reversible. In those patients 
who succumbed during alkalosis histo- 
pathologic examination revealed lesions 
which were located predominantly in the 
tubular epithelium. 2,11,33 ’ 37 The latest avail- 
able necropsy protocol points out that the 
lesion is situated in the ascending portion 
of the distal convoluted tubule and bears a 
striking similarity to the picture occurring 
in the “crush” syndrome (“lower nephron 
nephrosis”). 33 

The excretion of an acid urine by a 
patient with severe alkalosis is surprising. 
This observation has been made and com- 
mented upon in previous reports. 3,16,26,34,39 
It has been noted in dogs 40 and in normal 
men 40rt that in alkalosis induced by adminis- 
tration of sodium bicarbonate the urine pH 
became alkaline whenever the plasma 
(HC0 3 ~) exceeded 25 mM. /L. While no 
measurements of urinary C0 2 content were 
made in this patient, no more than a trace 
could have been present at the observed 
urinary pH. Yet this patient’s plasma 
(HCC> 3 — ) was in excess of 50 mM. /L. 
Patients with nephritis require more alkali 
and higher plasma (HCOa - ) to achieve an 
alkaline urine. 41-44 The electrocardiograms 
taken showed no abnormalities except 
prolongation of the Q,-T interval. Such 
prolongation is frequently observed in 
hypokalemia. 45 

From a therapeutic standpoint it seems 
obvious that potassium salts should be 
administered to adults with alkalosis when 
potassium depletion is also present. If oral 
administration is impractical, they may be 
given intravenously (in concentrations under 
75 mEq. / L. to avoid local pain) or by 
bypodermoclysis. The electrocardiogram is 
a valuable tool to indicate impending 
toxicity from overmedication with potas- 
sium salts due to its distinctive pattern in 
hyperkalemia. Several recent papers have 
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reviewed the distinctive electrocardiographic 
patterns. 45-47 

SUMMARY AND CONCLUSIONS 

A case of severe metabolic alkalosis is 
presented. Unusual findings to winch atten- 
tion is called include a reduction of plasma 
(K + ); reduction of (K + ) and elevation of 
(Na + ) of erythrocytes; urinary pH of 6.0 
when the blood pH was 7.59, and reduction 
of glomerular filtration rate (inulin clear- 
ance). Therapy with potassium and ammo- 
nium chloride was followed by prompt 
clinical improvement and by rapid restora- 
tion to a normal plasma and erythrocyte 
electrolyte pattern. 

Acknowledgment: The authors gratefully ac- 
knowledge the helpful advice and criticism 
given them by Dr. Robert W. Berliner. 
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I igation of a right or left pulmonary 
artery has been performed many 
J times and it is well known that the 
involved lung does not become fibrotic or 
gangrenous as long as the bronchial artery 
is left intact . 1-3 However, no report of 
physiologic studies under these circum- 
stances has appeared until recently when 
Janton et al . 4 published the results of 
bronchospirometric observations in a pa- 
tient who had been subjected to a ligation 
of the pulmonary artery. The present report 
is concerned with similar but more exten- 
sive observations, including studies of cardiac 
function in a patient following ligation of 
the main left pulmonary artery. 

case report 

A twenty-three year old Italian-American 
girl entered the Presbyterian Hospital in 1945, 
with the typical history, physical signs and 
laboratory findings of a Streptococcus viridans 
subacute endarteritis superimposed on a patent 
ductus arteriosus. Significant points in her past 
were history of a heart murmur, moderate 
physical limitation in a cardiac class during 
school years and inability to obtain a job be- 
cause of the murmur. Her hospital course was 
complicated by bilateral pulmonary infarcts. No 
peripheral emboli were detected. Immediately 
following sterilization of her blood stream with 
parenteral penicillin, the patent ductus arterio- 
sus was ligated but not severed. 

Five months after a smooth postoperative 


recovery and discharge from the hospital, recur- 
rence of the machinery murmur which had 
disappeared following operation was noted. 
At this time several blood cultures revealed 
Staphylococcus citreus, and the patient was re- 
admitted to the hospital. Chest x-ray at this 
time disclosed enlargement of the left heart, 
dilatation of the pulmonary artery and increased 
vascular markings. (Fig. 1 .) A pulmonary infarct 
in the left lower lobe was the only embolic 
phenomenon noted. After adequate penicillin 
therapy she underwent re-exploration. At 
operation an aneurysm communicating with 
both the aorta and the pulmonary artery was 
found at the site of the ductus arteriosus. In 
dissecting the aneurysm free from its attachment 
to the left pulmonary artery a tear occurred at 
the juncture of these two structures making it 
necessary to clamp and tie off the artery in 
order to control hemorrhage. The aneurysm was 
removed and the defects in the aorta and pul- 
monary artery were closed. The postoperative 
course was complicated by a left pleural effusion 
which subsided after a single thoracentesis, and 
by mild cardiac decompensation which re- 
sponded well to digitalis. 

At the present time, two years after the second 
operation, the patient is feeling well, has a 
normal exercise tolerance, and holds a full-time 
job as a sewing machine operator. Physical 
examination is entirely normal aside from a 
faint systolic murmur in the pulmonic area and 
a 4 cm. elevation of the left diaphragm. Fluoro- 
scopic examination of her chest is essentially 
normal except for limited motion of the high 
left diaphragm. Chest x-ray (Fig. 2) shows con- 
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Fig. 1. X-ray taken before the second operation. 


siderable decrease in the size of the cardiac 
silhouette and in the prominence of the vascular 
markings in comparison with her preoperative 
film. 

METHODS OF STUDY 

Pulmonary function was studied by the 
methods previously described. 5 Vital ca- 
pacity and maximum breathing capacity 
were measured on a recording spirometer, 
the residual air and the index of intra- 
pulmonary mixing by the open circuit 
method. Pulmonary ventilation, pulmonary 
gas exchange and arterial oxygen saturation 
were determined during rest and the 
standard exercise test. The separate func- 
tion of each lung was studied simultaneously 
by means of the Zavod catheter. 6 Spiromet- 
ric tracings were recorded and three-minute 
samples of expired air for measurement of 
minute ventilation and gas analysis were 
collected concurrently from both the right 
and left lungs. 

Pressures were measured in the pulmo- 
nary artery and the chambers of the right 
heart by means of Hamilton manometers. 
The direct Fick method was employed to 
measure cardiac output. 7 



Fig. 2. X-ray taken two years postoperatively at the 
time of the physiologic studies. 


RESULTS 

Results of the pulmonary function study 
(Table 1 ) were within normal limits, except 
for hyperventilation and therefore a dimin- 
ished rate of oxygen removal, under all 
conditions of observation. As may be seen 
from Table n and spirographic tracings 
(Fig. 3) obtained from each lung during 
bronchospirometry, the left lung, although 
normally ventilated, consumed a negligible 
amount of oxygen. In addition there was a 
slight reduction of the vital capacity of the 
left lung. The carbon dioxide output was 
diminished to a lesser degree than oxygen 
consumption as determined by direct 
analyses of the expired air. When tins lung 
was ventilated by pure nitrogen, no change 
was noted in the arterial oxygen saturation, 
which remained 94 per cent. Cardio- 
circulatory studies (Table in) showed nor- 
mal pressures in the pulmonary artery and 
chambers of the right heart. The cardiac 
index was high. 

COMMENT 

While pulmonary function studies were 
essentially within predicted limits, broncho- 
spirometry revealed strikingly abnormal 
findings. The left lung, which has no 
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pulmonary arterial blood supply, is nor- 
mally ventilated but participates only 
slightly in pulmonary gas exchange. The 
studies of Janton et al. 4 in a similar case 
showed a diminished gas exchange in the 
affected left lung. They collected several 


Table i 

RESULTS OF PULMONARY FUNCTION STUDIES 



Normal 

Ob- 

served 

1 . Lung volumes in cc. 


1 

Vital capacity 

2975 

2595 

Residual air 

745 

620 

Total capacity 

3720 

3215 

Residual air/total capacity 
X 100 

20 

19 

11 . Maximum breathing capacity 
in L./min 

85 

1 

1 83 

Ventilation in L./min. /body 
surface m 2 

Rest 

3.2 ± 0.4 

4.3 

Exercise 

. . .9.0 ± 1.7 

13.0 

Recovery first minute 

10.9 ± 1.5 

15.6 

Recovery fifth minute 

4.9 ± 0.6 

5.9 

Length of dyspnea in min- 
utes 

0 - 1 

1 

in. Index of intrapulmonary mix- 
ing (alveolar nitrogen per 
cent after 7 minutes oxygen 
breathing) 

<2.5 

1.4 

Arterial blood 

Oxyhemoglobin saturation 
per cent rest 

96+2 

96.3 

Oxyhemoglobin saturation 
per cent recovery first min- 
ute 

96+2 

1 

92.8 

[ v. Oxygen consumption in cc./ 
min. /body surface m 2 

Rest .... 

126 + 2 

141 

Standard exercise 

463 + 76 

526 

Rate of oxygen removal in cc./ 
I., of ventilation 

Rest ... . 

45.1 +4.3 

37.0 

Standard exercise . . . 

60.2 ± 9.5 ! 

46.0 


pairs of gas samples from the lungs func- 
tionally separated at the end of forced 
expirations. The samples from the left lung 
contained an average of 19.14 per cent of 
oxygen and 3.74 per cent of carbon dioxide. 
Since their catheter was sealed in place 
only during actual sampling, they postulated 
mixing of right and left lung air between 
periods of gas collection as the explanation 
or the observed difference between the gas 
content of the left lung samples and that of 
June, 1949 


room air. They assumed that bronchial 
artery anastomoses with the pulmonary 
capillary bed could account for the oxygen 
and carbon dioxide values on the left side 
but found no available evidence to support 
this assumption. 



Fig. 3. Spirographic tracings of each lung. The vital 
capacity determination is to the right, the oxygen 
consumption and ventilation to the left. 


In our studies the tip of the bronchial 
catheter was sealed in the left main bronchus 
throughout the procedure, eliminating mix- 
ing of air between the two lungs as the 
source of appreciable carbon dioxide out- 
put. Thus bronchial artery anastomoses 
with the pulmonary capillary bed could be 
shown to provide a reasonable explanation 
for the gas exchange observed in the left 
lung. This hypothesis most readily explains 
the fact that carbon dioxide output is 
greater than oxygen consumption. Since, as 
is well known, the carbon dioxide dissocia- 
tion curve becomes steeper as the carbon 
dioxide tension becomes lower, a small 
gradient in carbon dioxide tension between 
the alveoli and pulmonary capillaries will 
result in a relatively large change in carbon 
dioxide volume. Consequently, even though 
the left lung was perfused entirely with 
arterial blood, an appreciable carbon di- 
oxide output was observed. On the other 
hand, it is difficult for arterial blood to take 
up additional oxygen since the oxygen 
dissociation curve becomes flatter as higher 
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oxygen tensions are reached, requiring a 
high alveolocapillary gradient to add a 
small increment of oxygen to blood which is 
already almost fully saturated. 

Simple diffusion through bronchiole walls 
is an alternative explanation for gas ex- 


pulmonary function tests were almost com- 
pletely within normal limits. The only 
abnormalities found were a slight increase 
in cardiac index and hyperventilation under 
all conditions of observation. However, 
bronchospirometry disclosed a marked 


Table n 

RESULTS OF BRONCHOSPIROMETRY 



Left Lung Per Cent 

- 

of Total Function 


Normal 

Observed 

Ventilation 

35-50 

37 

Vital capacity 

35-50 

30 

Oxygen intake 

35-50 

6 

Carbon dioxide output 

35-50 

24 


change in the left lung. Since carbon 
dioxide diffuses much more readily through 
tissues than oxygen, a disproportion in 
carbon dioxide and oxygen exchange would 
be anticipated. However, it seems highly 
unlikely that the latter mechanism could 
account for the relatively large amount of 
gas exchange observed in this patient. 

The only abnormality observed in the 
pulmonary function study was hyperventila- 
tion associated with a decreased rate of 
oxygen removal at rest, during exercise and 
in the postexercise recovery period. In this 
respect our patient resembles a group of 
patients who had large air cysts which were 
poorly perfused with blood, yet were well 
ventilated by virtue of free communication 
with the tracheobronchial tree . 8 

SUMMARY 

A case is reported in which cardio- 
pulmonary function studies were performed 
on a patient two years after the left pul- 
monary artery was ligated. Cardiac cathe- 
terization revealed normal pressures in the 
pulmonary artery as well as in the chambers 
of the right side of the heart. The results of 


Table in 

RESULTS OF CARDIOCIRCULATORY STUDIES 



Normal 

Observed 

Pressures in mm. of mercurv 



Pulmonary artery, systolic. . . 

<30 

23 

Right ventricle, systolic 

<30 

24 

Right auricle, mean 

< 5 

3 

Cardiac index at rest 



(cardiac output, 



L./min./b.s. m 2 ) 

3.05 +0.6 

4.23 


limitation of gas exchange in the left lung, 
with carbon dioxide output limited to a 
lesser degree than oxygen consumption. 
These findings are consistent with the 
- assumption that anastomoses from the 
bronchial artery result in a considerable 
blood flow through the pulmonary capillary 
bed of the left lung. 
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Syphilis. Its Course and Management. By Evan W. 
Thomas, m.d., 317 pages. New York, 1949. The Mac- 
Millan Co. 

Dr. Thomas, who as visiting physician 
to the Bellevue Hospital and director of the 
Rapid Treatment Center there holds an 
authoritative position in his field, has writ- 
ten this book chiefly “to give busy indi- 
viduals a practical understanding of the 
principles underlying the modern diagnosis 
and treatment of syphilis.” The text ac- 
cordingly is concisely organized, explicit 
in the details of diagnosis and treatment 
and full of illustrative case material. The 
point of view is wholly oriented toward the 
modern era of penicillin therapy, based 
upon an experience at the Rapid Treatment 
Center of 12,000 patients treated with 
penicillin in various dosage schedules. 

Of the sixteen chapters three deal with 
etiology, immunology and the clinical 
course of the untreated disease; one is 
reserved for a discussion of quantitative 
serologic tests for syphilis; one (by Dr. T. 
J. Bauer of the U.S.P.H.S.) on public 
health aspects; one (and a short one at that) 
on iodides, bismuth, arsenicals and fever 
therapy, and the remainder cover the 
problems of early infectious syphilis, latent 
syphilis, late benign syphilis, cardiovascular 
syphilis, neurosyphilis, syphilis and preg- 
nancy and congenital syphilis and their 
treatment with penicillin. Treatment sched- 
ules in current use are stated clearly but 
their provisional nature is stressed. 

The exposition is in simple, direct style, 
the type is clear and well spaced, making 
for easy readability. The whole constitutes 
a comprehensible and up-to-date volume 
suited to the needs not only of the specialist 
but also of the student and general practi- 
tioner whose responsibility for diagnosis 
and treatment of syphilis is greater in the 
antibiotic age than ever before. 

A.B.G. 

Understandable Psychiatry. By Leland E. Hinsie, 
^•d., 359 pages. New York, 1948. The Macmillan 
Company. 

The title of Dr. Hinsie’s book is self- 
explanatory as to what he set out to 


accomplish. His clear, delightful style of 
presentation has made a difficult subject 
“understandable” both to the medical 
profession and to the public. The material is 
well organized, modern and psycho-ana- 
lytically oriented. The book should go a 
long way in taking the stigma out of 
psychiatry and psychiatric therapy. In 
Dr. Hinsie’s attempt to simplify his subject 
matter he may have erred slightly on over- 
simplification, in that he symbolizes emo- 
tions, fears and anxieties a little too 
concretely. However, Dr. Hinsie has ac- 
complished what he set out to do in a most 
pleasing manner. 

S.M.D. 

Coronary Heart Disease. By A. Carlton Ernstene, 
m.d., 86 pages. Springfield, 111., 1948. Charles C. Thomas. 
Price S2.50. 

Dr. A. Carlton Ernstene of the Cleveland 
Clinic has written a concise, lucid com- 
pendium of the problem and management 
of the various aspects of heart disease due to 
derangement of the coronary artery circula- 
tion. His division of the subject into its 
various clinical manifestations is a useful 
one. Such a division inevitably results in a 
certain amount of overlapping since the 
underlying disorder is essentially the same. 
That he has adroitly avoided repetition is 
evident from the fact that the entire book, 
exclusive of bibliography, consists of only 
eighty-six pages. It should prove of interest 
and value to student and practitioner alike. 

J.B. 

The Renal Origin of Hypertension.* Harry Gold- 
blatt, m.d., 126 pages. Springfield, 111., 1948. Charles C. 
Thomas. Price $2.75. 

To Dr. Harry Goldblatt belongs the 
credit for proving that the kidney plays an 
important role in hypertension and for 
developing a successful method of producing 
this condition experimentally. His name 
has always been associated with carefully 
executed studies that have been amply 
confirmed. 

Now, in monograph form, he has sum- 

* Publication No. 14. In the American Lecture Series 
A Monograph in American Lectures of Pathology. 
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marized his investigations of the past two 
decades. These deal principally with the 
production of experimental renal hyper- 
tension by various means, the pathologic 
changes and mechanisms involved, the 
humoral mediators which participate and a 
brief summary of the similarities and differ- 
ences between the experimental disease 
and its human equivalents. 

Today there remain many unsolved 
problems concerning the part played by the 
kidney in hypertensive vascular disease and, 
indeed, serious doubts as to the function of 
renin and hypertensin as the humoral 
agents involved. There are no reservations 
about the major contributions of Dr. Gold- 
blatt and the advance they have made to 
our knowledge. Lucidly written and attrac- 
tively published, this volume is designed for 
those “whose interest is not sufficient to 
induce them to read the original papers or 
who do not have the time to devote to the 
reading of books on this subject.” For this 
purpose it is an admirable addition to the 
many texts which have appeared on this 
important subject. 

G.A.P. 

General Endocrinology. By C. Donnell Turner, 
ph.d., 604 pages, Philadelphia, 1948. W. B. Saunders Co. 

This textbook is designed primarily for 
college students with advanced biologic 
training although an effort is made to 
introduce correlations with clinical disease 
whenever possible. There is much in the 
way of fundamental information for the 
practitioner who wishes to acquire an 
anatomic and physiologic background. Un- 
fortunately, the text suffers from the usual 
difficulty of being somewhat behind the 


times; as for example, in the discussion of 
antithyroid drugs and their mechanism of 
action and in the omission of the more recent 
work with purified pituitary hormones. 

On the whole, the book makes good 
reading but is not to be taken as a clinical 
text. 

s.c.w. 

Festschrift zum 80 Geburtstag Max Neuberger’s. 
Vol. h, Wiener Beitrage zur Geschichte der Medizin. 
Edited by Dr. Emanuel Berghoff. pp. 491. Vienna, 1948. 
Wilhelm Maudrich. Price SI 0.00. 

This welcome volume is dedicated to 
Professor Max Neuberger, founder and 
head of the Vienna Institute for the History 
of Medicine and foremost medical historian 
of the day, upon the occasion of his eightieth 
birthday, December 8, 1948. The Fest- 
schrift is a collection of ninety-one essays on 
varied subjects of historical interest con- 
tributed by admirers, friends and former 
students, each choosing a topic of personal 
interest and writing in his own language. 
About one-third are in English, the re- 
mainder are chiefly in German and French. 
There are many quaint and interesting 
illustrations. 

The essays are brief, some almost casual. 
Several deal with the etymology of certain 
medical terms, some with interesting medi- 
cal personalities, places or manuscripts, 
some with episodes in the formulation of 
specialities, a few enter into philosophic 
considerations of historical development. 
All are interesting and enlightening, a 
tribute to Professor Neuberger’s inspiration 
and influence. Even those who have no 
special interest in historical medicine will en- 
joy this volume for browsing and relaxation. 

A.B.G. 
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